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ABSTRACT
Bioaccumulation of Mercury in the Aquatic Food Chain of Walleye 
{Stizostedion vitreum) in Lake Siskiwit, Northern Wisconsin, USA
by
Beth Ellen Domowicz
Dr. Shawn Gerstenberger, Examination Committee Chair 
Associate Professor and Chair o f Department o f Environmental and Occupational Health
University o f Nevada, Las Vegas
The Great Lakes fishery is highly utilized, despite known contamination. The 
Great Lakes Region has experienced elevated amounts o f atmospheric deposition of 
mercury, with many of its water bodies having documented levels of mercury (ASTDR 
1999, Dellinger 2004, Greib et al. 1990, Kleinert and Degurse 1971). The chemical 
characteristics o f methylmercury contribute to high rates of absorption (highly lipophilic 
and readily crosses biological membranes) and low rates of elimination. As a result of 
the properties o f methylmercury, 60-90% of the mercury in fish is methylmercury 
(O’Neill 1993). Methylmercury is taken in by fish from food sources, through the gills 
(Haydon and Barron 1990), and by absorption through the skin (Hayton, & Barron, 
1990).
The Ojibwa Tribal members depend on the fish from this area as a valuable 
component of their diet and economic health (Dellinger 2004). Lake Siskiwit, located in 
the Great Lakes region, has some o f the highest documented levels o f mercury in fish of 
any lake ever studied (Dellinger et al. 1995, Dellinger 2004, Gerstenberger et al. 1993,
111
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WDNR 1999). Based on the United States Food and Drug Association (USDA) action 
level of 0.5 ppm for human fish consumption, the Wisconsin Department of Natural 
Resources (WDNR) and Local Tribes issued a fish consumption advisory for Lake 
Siskiwit in 1993 (Advisory No. 950) that is still active. The advisory calls for no 
consumption of walleye, by pregnant women and children.
The key findings of this study involve prey species of the walleye food chain. 
This study identified a significant inverse relationship for Perea flavescens between 
mercury concentrations (ppm) and both total mass (mg) and total length (mm), 
inconsistent with the previous findings within the literature. It also detected mercury 
concentrations in all seven species o f invertebrate samples, through the method of whole 
organism analysis. Through the calculations o f an analytical model, Amphipoda was 
identified at the potential key contributor to mean mercury concentrations in yellow 
perch and therefore walleye, however further analysis would be necessary to raise 
confidence levels.
IV
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CHAPTER 1 
INTRODUCTION
Mercury, also referred to as quicksilver, has been utilized by humans for several 
thousand years. Historically mercury has been utilized by humans for a wide range of 
purposes including everything from medicinal, use in the process o f mining o f metals and 
treatment o f fur by hatters. By 1971 the largest single use of mercury was in the 
electrolysis o f brine to manufacture sodium hydroxide and chlorine (O’Neill, 1993). In 
recent years mercury was used as a component o f organo-mercury fungicides, production 
o f chloroalkali, for mining of metals (since mercury readily binds with many metals, 
including gold), fossil fuels, batteries, florescent lamps, necklaces and other jewelry, 
paint, thermometers, thermostats, dental amalgams, and traditional medicines (ATSDR, 
1999). Many o f these uses can contribute to the release o f mercury into the environment.
Perhaps the most major far-reaching method of release and subsequent 
environmental deposition is the mercury released into the atmosphere as a result o f the 
combustion of fossil fuels. Once mercury enters the environment, it has the potential of 
becoming methylated (methylmercury), a form o f mercury that is readily taken up by 
organisms. The literature has documented the widespread presence and persistence of 
methylmercury in aquatic systems. Methylmercury bioaccumulates and biomagnifies 
within the food chain. Within the aquatic system, this equates to larger predatory fish, 
such as walleye, having the highest concentrations o f methylmercury. Methylmercury is
1
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considered to be a neurological toxin (Clarkson, 1997). The biomagnification o f 
methylmercury within the food chain causes adverse health effects to organisms, 
including fish, and humans and wildlife that consume fish contaminated with mercury.
The Great Lakes Region has experienced high amounts of atmospheric deposition 
o f mercury, its many o f its water bodies have documented levels of mercury (ASTDR, 
1999; Dellinger, 2004; Greib, Driscoll, Gloss, Schofield, Bowie, & Porcella, 1990; 
Kleinert, & Degurse, 1971). The Great Lakes fishery experiences high amounts o f use, 
despite known contamination. Some users depend on the fish from this area as a valuable 
component o f their diet, the Ojibwa Tribe for example (Dellinger, 2004).
This study evaluated the bioaccumulation of mercury in the aquatic food chain of 
walleye {Stizostedion vitreum) in Lake Siskiwit, located in Bayfield County in Northern 
Wisconsin, USA. This lake is of particular interest because it has been documented 
unsafe for consumption of walleye due to high levels o f mercury, and it is a lake on 
which the Ojibwe Tribe depend on spear-fishing the walleye as an important food source. 
References to mercury throughout this paper, unless otherwise noted, will be referring to 
methylmercury. Water quality characteristics, fish, and invertebrate were collected from 
Lake Siskiwit and analyzed for mercury concentrations. Statistical tests were performed 
to identify relationships in the data.
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CHAPTER 2
REVIEW OF RELATED LITERATURE
Sources and Environmental Releases
Mercury migration and deposition in the environment occurs from both natural 
and anthropogenic sources (EPA, 1997). The main natural causes o f mobilizing mercury 
into the environment are chemical weathering o f mercury-containing ore and sediments, 
volcanic activity, and crust degassing (EPA, 1997). Mercury, a liquid metal, can be 
refined from cirmabar ore but also naturally occurs in the environment in its elemental 
form in small amounts. Mercury emissions into the atmosphere are dominated by losses 
of vapor forms (Hg °); that have a long residence time and are conducive to being 
transported long distances (EPA, 1997).
Presently, one o f the leading anthropogenic causes of atmospheric releases of 
mercury is the burning o f fossil fuels. Fossil fuels contain minimal amounts of mercury 
but are consumed in large quantities (Joensuu, 1971). Mercury, bound with sulfer, is a 
byproduct o f the burning of fossil fuels, thereby releasing large amounts o f mercury into 
the atmosphere (Joensuu, 1971). Coal-fired power generation plants are a well-known 
point source for releases of mercury-containing emissions into the atmosphere. Coal- 
fired power plants have been found to be a point source for mobilization o f mercury into 
the atmosphere; having direct effects on the surrounding area and indirect effects upon 
deposition o f mercury from the atmosphere (Kalb, 1975). As the sulfer content o f coals
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used for energy generation increases, the amount o f mercury entering the atmosphere also 
increases.
Mercury has also been released into the environment as a byproduct o f the 
incineration process used in wastewater treatment facilities that utilize municipal refuse 
as a fuel source. A study done by Glass et al. (1990) specifically found that mercury 
contamination in two of the estuaries in the Great Lakes region were the direct result of 
mercury being discharged in the waste streams o f a nearby wastewater treatment facility. 
Bodalay et al. (1998) found that while treatment o f effluent from sewage treatment plants 
greatly reduced the total mercury and methylmercury being released to rivers, it did not 
completely eliminate it.
Chemical Properties 
There are three major species o f mercury: elemental or metallic mercury (Hg ° ), 
inorganic mercury (Hg and Hg ) and organic mercury (monomethylmercury and 
dimethylmercury). Elemental or metallic mercury is unique among the metals in that it is 
a silvery-white liquid at normal temperatures and pressures. Mercury has an atomic 
number of 80, an average atomic mass o f 200.59, is a transition metal, and is located in 
column 2B on the periodic table (ATSDR, 1999). Elements located in column 2B are 
extremely volatile and have unusually low melting points; and mercury is no exception, 
with an average melting point o f -38.87°C (ATSDR, 1999).
Elemental mercury has a vapor pressure o f 2 x 10 mm mercury at 25 °C.
Despite its characteristically high volatility, air that is in equilibrium with liquid mercury 
will contain 14 mg mercury m air at 20°C (O’Neill, 1993). Mercury has a high boiling
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point at 356.72°C (ATSDR, 1999). Elemental mercury is only slightly soluble in water 
with an average solubility o f 0.28 pmoles/L at 25°C, and has a partition coefficient (Log 
K ow) of 5.95 which means that it is highly lipophilic. Mercury exists in the 0, + 1 and +
2  oxidative states, and méthylation is a part o f its biogeochemical cycle (since it is in its 
methylated form that it bioaccumulates in the food chain).
Biogeochemical Cvcle
The types of mercury found in air, water and sediment or soil can be seen in 
Figure 1. A study done by Bloom and Watras (1989) analyzed mercury loads in 
precipitation and found that methylmercury in precipitation can occur at nearly five times 
the average concentration found in surface waters. Based on this study, precipitation can 
input considerably more methylmercury into a watershed than direct deposition alone.
Methvlation
Methylmercury occurs in two common forms, monomethylmercury and 
dimethylmercury. Dimethylmercury (C 2  H 6 Hg or C H 3 HgCHa) has a solubility in water 
of 1.00 X  10  ̂mg/L and is therefore considered to be insoluble. It also has a partition 
coefficient (Log K ow) of 2.28, and is highly volatile and toxic (ATSDR, 1999).
It is widely accepted that methylmercury is produced through microbial 
méthylation of the inorganic form of mercury in aquatic sediments. One study conducted 
by Vonk and Sijpesteijn (1973) found that bacteria and fungi were responsible for 
méthylation of mercury and that the production was slower under anaerobic conditions 
than aerobic conditions.
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Figure 1 : Major Species of Mercury Found in Air, Water, and Sediments or Soil (O'Neill, 
1993)
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Rates o f méthylation by microbes vary owing to several factors. According to 
O’Neill (1993) méthylation of mercury is extremely important in rivers and lakes with a 
characteristically low pH either continuously or intermittently. In these low pH 
situations, more Hg is solubilized by ion exchange from sediments at high hydrogen- 
ion concentrations and the rate o f synthesis o f methyl-mercury by bacteria and fungi 
(micro-organisms) is increased (O’Neill, 1993). Low pH improves methylmercury 
synthesis, and has the opposite effect on the synthesis o f dimethylmercury (O’Neill, 
1993). Low pH also contributes to lower populations of higher level organisms, in rivers 
and lakes that are high in mercury content, and this means that each individual absorbs a 
greater proportion of the methylmercury produced (O’Neill, 1993).
The chemical characteristics o f methylmercury contribute to high rates of 
absorption (since mercury is highly lipophilic, it readily crosses membranes) and low 
rates of elimination, because of these properties 60-90% o f the mercury in fish is 
methylmercury (O’Neill, 1993). Only 10-15% of inorganic mercury is absorbed, as 
elimination o f Hg occurs freely (O’Neill, 1993).
Seasonality
Palier et al. (2004) found that concentrations o f methyl-mercury in bodies of 
water peaked during the spring. They attributed this pattern to possible seasonal 
differences in the activity of methylating bacteria associated with temperature, water 
quality, water level, or other factors. This pattern o f aqueous concentrations of methyl­
mercury showing a seasonal peak has also been observed in other studies, in July 
(Hurley, Krabbenhoft, Cleckner, Olson, Aiken, & Rawlik, 1998) and in the fall (Watras, 
Morrison, & Host, 1995; Monson, & Brezonik, 1998).
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Seasonal patterns o f fluctuations in mercury concentrations have also been 
observed in aquatic organisms. In a study conducted by Monson and Brezonik (1998) 
they found that mercury concentrations in plankton were at their lowest levels in spring 
and rose to their highest levels by summer. A study done by Cizdziel et al. (2002) 
observed a trend that indicated that striped bass sampled for mercury generally had 
higher concentrations in the fall than in the spring. They related this difference to the 
poor condition factor in the spring (following a starvation period) verses the fall. In an 
article published a year later, Cizdziel et al. (2003) found that their data supported the 
theory that mercury concentration can be correlated to fish condition factors, during 
seasons when fish are starving, mercury concentrations are higher. This is thought to be 
because starving fish catabolize muscle tissue for energy, thereby releasing the mercury 
that was being stored there.
Toxicologv
Methylmercury is primarily a neurological toxin (Clarkson, 1997). It can 
penetrate the blood-brain barrier and cause brain lesions, spinal cord degeneration and 
central nervous system dysfunction (Clarkson, 1997). Mercury may affect a wide range 
of other organs following exposure to high levels. These affected systems include 
immune, respiratory, cardiovascular, gastrointestinal, hematologic, and reproductive 
(Donkin, Ohlson, & Teaf, 2000).
Aquatic Organisms 
Methylmercury is taken in by fish from food sources and through the gills 
(Haydon, & Barron, 1990). According to Hayton and Barron (1990) absorption of
8
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mercury through the skin may be particularly important in young fish due to the high 
surface area to body ratio. The toxicological effects o f mercury in fish are similar to those 
of other organisms. Mercury “is toxic to all organ systems, particularly the nervous 
system, and is also a mutagen, a teratogen, and a possible carcinogen that can cause 
growth deficits, locomotory and coordination impairments, loss o f appetite, lowered 
reproductive success, and ultimately death” (Burger, Gaines, Boring, Stephens,
Snodgrass, & Gochfeld, 2001). Levels of mercury o f five pg/g (wet weight) in muscle 
have been associated with emaciation, decreased locomotion, decreased coordination, 
loss of appetite, and mortality in some fish, while levels of fifteen pg/g are required for 
those effects in other species (Burger, Gaines, Boring, Stephens, Snodgrass, & Gochfeld, 
2001).
Wildlife
There has been much difficulty in documenting cases o f wildlife poisoning due to 
exposure to mercury because the effects o f chronic exposure are difficult to distinguish 
from other factors, such as normal population fluctuations, and dead or dying animals are 
difficult to find since they are often quickly scavenged by other organisms (Borg, 
Warmtrop, Erne, & Hanko, 1969). Despite these difficulties, there is still a body of 
literature that relates to mercury’s effects on wildlife. One of the earliest known recorded 
incidences o f widespread wildlife poisoning resulting from mercury occurred in Sweden 
between the 1950’s and 1996, where wildlife ingested seeds that had been treated with an 
organic mercury compound to disinfect them (Borg, Wanntrop, Erne, & Hanko, 1969).
As a result, Sweden harmed the practice o f using mercury compounds for seed 
disinfecting in 1966.
9
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Takeuchi et al. (1977) chronicled the history of two cats living wild on Indian 
Reservations in the vicinity o f the lower English River, to assess the potential hazard to 
piscivorous wildlife in the area. The cat that was fed a diet of entirely small fish from the 
English River and wild game meat exhibited clear signs o f poisoning, when sacrificed 
brain mercury concentration was 16.4 ug/g. In contrast, the second cat was fed a diet of 
scraps and some small fish, behavior was normal at the time of sacrifice, and brain 
mercury concentration was 6.9 ug/g.
Also in the area o f the English River, Wren (1985) documented a case o f an otter 
with extremely erratic behavior and eventual mortality. The animal was described as 
traveling in circles, falling, and burrowing into the snow, as the trapper followed. When 
examined, the animal was described as mangy, surface of lungs appeared rough with 
irregular dark patches, and very little fat on the animal. Decreased weight and weight 
loss have been reported as symptoms o f methylmercury poisoning. The animal had 
extremely high concentrations o f mercury in its tissues; mercury concentration in muscle 
36.0 ug/g, mercury concentration in liver 96 ug/g, mercury concentration in kidney 58.0 
ug/g, and mercury concentration in brain 30 ug/g. These concentrations are notably 
higher than those resulting in mortality in otters in laboratory studies (Wren, 1986).
Humans
The routes o f exposure for humans include inhalation, dermal, and ingestion. The 
major sources o f acute mercury exposure in humans include ingestion of contaminated 
fish or other food, exposure to pesticides, antiseptics, and germicides (ASTDR, 1999). 
Once methylmercury is in the bloodstream it moves easily to most tissues and readily
10
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enters the brain (ATSDR, 1999). Long-term exposure to mercury can permanently 
damage the brain, kidneys, and developing fetus (ASTDR, 1999).
Methylmercury that is in the blood of a pregnant woman moves easily and 
preferentially to the blood o f the developing child and then into the child’s brain and 
other tissues (ATSDR, 1999). Methylmercury can also be transferred from a mother to a 
child through breast milk (ATSDR, 1999). Possible effects of small amounts of 
methylmercury exposure for children include small decreases in Intelligence Quotient 
(IQ) or other effects on the brain that would only be noticed through sensitive 
neurological testing (ATSDR, 1999). In some cases where the exposure is more 
significant, effects can be delayed. In these cases an infant may be bom normal but later 
show effects that range from increased time to reach developmental milestones, to more 
serious effects like brain damage, mental retardation, incoordination, inability to move, 
eventual blindness, involuntary muscle contractions and seizures, muscle weakness, and 
inability to speak (ATSDR, 1999).
Bioaccumulation and Biomagnification
Mercury is the only metal that indisputably biomagnifies through the food chain 
(Lindberg, Stokes, Goldberg, & Wren, 1987). Kamman et al. (2005) states that in biotic 
ecosystems, biotic and abiotic méthylation o f mercury increases the bioavailability and 
toxicity (Regnall, 1994; DiPasquale, Agee, McGowan, Omerland, Thomas, Krabbenhoft, 
& Gilmour, 2000), which then biomagnifies from algae and bacteria to zooplankton 
(Chen, Stemberger, Klauje, Blum, Pickhardt, & Folt, 2000), fishes (USEPA, 1997), and
11
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ultimately to piscivorous wildlife (Evers, Burgess, Champoux, Hoskins, Major, Goodale, 
Taylor, Poppenga, & Diagle, 2002) and humans (ATSDR, 1999).
Aquatic Organisms
Mercury accumulates in the aquatic food chain through the consumption o f water 
and/or biota. Within the aquatic food chain, mercury is also accumulated indirectly 
through the skin, gills, and digestive tract. According to Hayton and Barron (1990) 
absorption of mercury through the skin may be particularly important in young fish due 
to the high surface area to body ratio. Hall et al. (1997) identified food as the dominant 
pathway of methylmercury bioaccumulation for fish. Barron (1995) found that for aquatic 
organisms, biotransformation through metabolism is an important route o f mercury 
elimination. The ability to eliminate mercury through metabolism is an important factor 
since it impacts the overall concentration o f mercury within an organism. The total 
bioaccumulation is the total uptake minus the total elimination.
Rask et al. (1994) examined mercury concentrations in an aquatic food chain and 
found that for mercury concentrations in fish that larger and older fish had the highest 
concentrations, which is consistent with bioaccumulation. Brouard et al. (1994) found 
that higher levels of mercury in lake whitefish could be attributed to a shift in feeding 
habits toward a more piscivorous diet, thereby demonstrating effects o f biomagnification. 
Burger et al. (2002) found that the levels o f mercury in several fish species vary 
significantly by species and that trophic level and body size are positively correlated to 
mercury concentration. Kamman et al. (2005) also found that the highest levels of 
mercury were in large, piscivorous fish species that were at the top of the aquatic food 
chain, while the lowest concentrations were found in fish species feeding at the bottom of
12
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the aquatic food chain. This is a common pattern that demonstrates biomagnification of 
mercury in aquatic food chains in North America. Sampaio Da Silva et al. (2005) found 
that piscivorous fish contained up to nine times higher concentrations of mercury than did 
non-piscivorous fish.
Watras et al. (1994) found that while methylmercury was biomagnified in the 
aquatic food chain, non-methylated mercury became less pronounced at higher trophic 
levels. The bioconcentration for methyl-mercury increased by three-fold for every 
trophic level. They found that greater than 95% of mercury in fish was methylated, while 
in sediments it was primarily non-methylated (>97%). They concluded that since 
methylmercury in lakes accumulates primary in fish biomass, small increases in net 
methylmercury production, recycling, or loading could result in significantly increased 
fish contamination.
Simoneau et al. (2005) conducted a study at twelve eastern Canadian Lakes to 
look at the effects of mercury concentrations on walleye (Sander vitreus) growth rates. 
They found that growth rates in walleye were significantly negatively correlated to 
mercury concentrations.
Grieb et al. (1990) analyzed yellow perch (Perea flavescens), northern pike (Esox 
lucius), white sucker (Catostomus commersoni) and largemouth bass (Micropterus 
salmoides) from thirty-five lakes in upper Michigan and found that methylmercury 
accounted for 99% of the total mercury present. They also found that mean mercury 
concentrations for yellow perch were relatively constant for the first six years o f life, but 
increased from the seventh year on. This could be due to a change in dietary preferences. 
Yellow perch also had statistically significant positive correlations for weight and length
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and mercury concentrations. They also found that in drainage lakes yellow perch had 
higher mercury concentrations, and in seepage lakes there was a greater variation in 
concentrations for all sizes o f yellow perch. They also observed that mercury 
concentrations for each age class o f white sucker were lower than those in yellow perch, 
northern pike, and largemouth bass. The authors suggest that this could be due to 
differences in diet, chemical characteristics of the benthis and pelagic environments or 
rates of uptake or elimination.
The mercury concentrations in fish have been well documented. The literature 
also shows a clear pattern o f increased mercury concentrations in species whose diet 
consists primarily o f fish. One example o f this is the difference in mercury 
concentrations between otters and mink. Otters accumulate higher levels of mercury than 
mink, probably as a result o f higher levels of fish in their diet (Kucera, 1983; Sheffy, & 
St. Amant, 1982). Frank et al. (1979) noted that piscivorous fishers and martens had 
statistically significant higher concentrations of mercury than did raccoons and skunks, 
which are more opportunistic feeders.
Relationship to Water Quality Characteristics
Numerous studies have found that mercury concentrations in fish are correlated 
with water chemistry characteristics. Wren and McCrimmon (1983) studied mercury 
levels in sunfish (Lepomis gibbosus) relative to environmental variables. They found that 
while growth rate is correlated positively with lake pH, mercury levels in the fish were 
higher in lakes with a lower pH. A study done by Haines et al. (1994) looked at 
correlating mercury concentrations in perch (Perea fluviatilis) to water chemistry 
characteristics o f lakes in Russia. They found that fish from high-pH lakes had low
14
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mercury concentrations and fish from lakes with low pH varied widely but was highest 
from colored seepage lakes. In another study by Cope et al. (1990), approximately 80- 
90% of variation in whole perch {Perea flavescens) mercury concentration was explained 
by either lake pH or alkalinity. Weiner et al. (1990) conducted a study on factors that 
influence mercury concentrations in walleye in lakes in Northern Wisconsin. Their 
findings were twofold. First they found that lake pH and total fish length accounted for 
69% of the variability in mercury concentrations in walleyes. Second, they found that 
mercury concentrations in walleye were greater from lakes that had a pH less than 7.0.
Chen et al. (2005) analyzed four separate multi-lake studies for patterns of 
mercury bioaccumulation and transfer in aquatic food webs. They found that the most 
important predictors of mercury concentrations in fish were key chemical covariates (e.g. 
pH, acidity, buffer (bicarbonate), and SO4), which were negatively correlated with 
bioaccumulation of mercury in biota, and other previously unidentified parameters (e.g. 
human land use variables and zooplankton density). They also found that, "...lakes with 
high rates of mercury bioaccumulation and trophic transfer have low pH and low 
productivity with relatively undisturbed watersheds suggesting that atmospheric 
deposition of mercury is the dominant or sole source o f input.”
Miller and Akagi (1979) found that methylmercury production in the sediment is 
not influenced over the pH range o f 5.0 to 7.5, for bed sediments of course sand, mixture 
of wood chips and fine salt, and wood chips only. However, the distribution between the 
bed sediment and the water column becomes altered enough to explain changes in 
mercury concentrations in fish.
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Grieb et al. (1990) found that mercury concentrations were negatively correlated 
with pH for all the lakes studied (seepage and drainage lakes). They also found that,
“ .. .dissolved organic carbon (DOC) was not correlated in drainage lakes, but had a 
consistent and statistically significant negative correlation in seepage lakes.” At low 
DOC concentrations, mercury concentrations in fish were relatively high.
Quist et al. (2002) found that elevated water temperatures may have a net positive 
effect on walleye {Stizostedion vitreum) if  they can survive the high thermal stress during 
summer, but also a lower overall condition and reduced consumption. Spry and Weiner 
(1991) found that fish from lakes with low alkalinity had elevated concentrations of 
mercury.
Wildlife
The bioaccumulation and biomagnification o f mercury in many species of wildlife 
has been well documented within the literature. Documented mercury concentrations in 
fish-eating wildlife include, but are not limited to, the bufflehead (Bucephala albeold) 
(Gerstenberger, 2004), beaver {Castor Canadensis) (Desai-Greenway, & Price, 1976; 
Sheffy, & St. Amant, 1982; Wren, 1984), black bear (JJrsus americanus) (Benson, 
Gabica, & Beecham, 1974), bobcat (Lynx rufus) (Cumbie, 1975b), duck (Kleinert, & 
Degurse, 1972), common mergansers (Mergus merganser) (Gerstenberger, 2004), fox 
(Borg, Wannatrop, Erne, & Hanko, 1969; Smith, & Armstrong, 1975; Frank, Holdrinet, 
& Suda, 1979; Sheffy, & St. Amant, 1982), great blue heron (Kleinert, & Degurse, 1972), 
hooded merganser (Kleinert, & Degurse, 1972), northern shovelers (Anas clypeata) 
(Gerstenberger, 2004), mink (Cumbie 1975a; Desai-Greenway, & Price, 1976; Wobster, 
1976; Frank, Holdrinet, & Suda, 1979; Sheffy, & St. Amant, 1982; Kucera, 1983), otter
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(Wren, MaCrimmon, Frank, & Suda, 1980; Smith, & Rongstad, 1981; Sheffy, & St. 
Amant, 1982; Kucera, 1983; Wren, 1984; Wren, 1985), pied-billed grebe (Kleinert, & 
Degurse 1972), polar bear (JJrsus maritimus) (Desai-Greenaway, & Price, 1976; Eaton,
& Farant, 1982), raccoon {Procoyn lotor) (Bigler, Jenkins, Cumbie, Eloff, & Prather, 
1975; Cumbie 1975b; Frank, Holdrinet, & Suda, 1979; Wren, MacCrimmon, Frank, & 
Suda, 1980; Wren, 1984), and wolf (Canus lupus) (Smith, & Armstrong, 1975).
There are a number o f factors that have an effect on metal accumulation in wild 
mammals. Wren (1985) divided these factors into biotic (species, sex, age, diet/nutrition, 
season, tissue sampled, and metabolism) and abiotic (analytical technique, 
temperature/season, and location). The findings o f the aforementioned studies either 
directly or indirectly are in support of bioaccumulation and biomagnification within the 
food chain. In one such study. Burger (2002) found that mercury concentrations in bird 
eggs exhibited trophic-level differences. The largest piscivorous species examined, the 
black skimmer (Rynchops niger), had five times higher levels o f mercury than did the 
only omnivore species studied, the great black-backed gulls (Larus marinus). In another 
study looking at mercury accumulations in mink and otters, both o f which consume fish 
as part o f their diet, in Canada, researchers found that both species accumulated much 
higher levels of mercury than predatory fish from the same areas and that mercury levels 
were highest in animals from areas with the highest mercury contamination (Kucera, 
1983^
Humans
The unique chemical properties of methylmercury make it very toxic to humans. 
The brain is particularly vulnerable, as it easily crosses the blood brain barrier and causes
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neurological damage. Methylmercury has been considered a neurotoxic agent since the 
outbreaks o f human poisoning due to the consumption of contaminated fish in the late 
1950s (Rice, 1995). Effects of methylmercury toxicity experienced in adults include 
sensory and motor disturbances (including vision, hearing, and somatosensory 
dysfunction), unsteadiness o f gait and disequilibrium, muscle weakness, and paresthesias 
(Rice, 1995). The main route of human exposure is through consumption o f fish 
contaminated with methylmercury.
The developmental effects o f methylmercury have been well documented. 
Methylmercury easily crosses the placenta into the fetus and is readily and preferentially 
absorbed into the fetal brain. Prenatal exposure to methylmercury can produce cerebral 
palsy in infants (even when signs o f poisoning are mild or absent in the mother), delayed 
achievement o f developmental milestones, subtle neurological disturbances, and possible 
sexual dimorphism in males (Clarkson, 1991).
Mercury contamination o f fish is the cause o f many fish consumption advisories 
related to the consumption o f fish by humans. Advisories usually recommend either 
everyone or women and children avoid the consumption of specific species of fishes 
(usually larger, piscivorous fish species) that contain elevated levels o f mercury. 
Advisories may also be water-body specific, as is the case with fish advisories for 
walleye in Lake Siskiwit. The levels o f methylmercury observed in Great Lakes fish 
represent a potential hazard to offspring o f women who consume large quantities o f fish 
(Rice, 1995). The major species of mercury found in fish is methylmercury and about 
90% of the methylmercury from fish consumed by humans is absorbed (O’Neill, 1993).
18
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Project Specifics 
Ojibwa Tribe
The Ojibwa tribe secured rights fishing rights at Siskiwit Lake, along with several 
other lakes as part of a treaty between the tribe and the United States government. 
Members o f the Ojibwa Tribe engage in spear-fishing at several o f the lakes in Northern 
Wisconsin, including walleye at Lake Siskiwit. Speared fish are consumed by members 
o f the tribe, and count for a large portion o f their diet (Dellinger, 2004). In addition to 
subsistence, fish are also harvested for commercial operations and for reinforcement of 
cultural and traditional practices (Dellinger, Kmiecik, Gerstenberger, & Ngu, 1995). The 
Ojibwe represent a population that is at high risk for adverse health effects from 
consumption o f fish contaminated with mercury.
There have been several studies done on the Ojibwe and their fish consumption 
habits. Gerstenberger et al. (1993) analyzed walleye from lakes where the Ojibwe spear- 
fished and found that nearly half of the samples exceeded the fish consumption advisory 
of 0.05 ppm set by the Wisconsin Department o f Natural Resources (WDNR, 1993). 
Dellinger et al. (1995) analyzed the walleye from the previous study (Gerstenberger, 
Pratt-Shelley, Beattie, & Dellinger, 1993) for mercury with skin-off verses skin-on. The 
goal of the study was to make a recommendation to the Ojibwe and for reducing mercury 
exposure through pre-cooking fish preparation.
As part o f the “Ojibwe Health Study”, Dellinger et al. (1996) assessed the 
contaminant burdens of fish from areas where the Ojibwe spear-fish. One of the results 
o f the 1996 study (Dellinger, Kmiecik, Gerstenberger, & Ngu, 1995) was that Lake 
Siskiwit had the highest results of mercury resides of the areas studied (0.793 ppm- wet
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weight). Gerstenberger and Dellinger (2002) analyzed the edible portion of fish 
consumed by the Ojibwe. Their findings concluded the fish sampled contained mercury, 
with walleye containing the highest levels o f the three species analyzed, and 
concentrations varied by location and preparation method.
In 2004, Dellinger conducted an exposure assessment for Ojibwe tribes in the 
Upper Great Lakes Region, based on information collected during the ten-year “Ojibwe 
Health Study”. He found that compared to other studies of subsistence fishing 
populations, the exposures for the Ojibwe tribe were only moderately elevated and didn’t 
warrant widespread diet restrictions.
The Ojibwe are a unique element o f this study. This is due to the Tribe’s 
traditional and cultural practice of spear-fishing walleye at Lake Siskiwit and consuming 
the fish as part of their diet despite consumption warnings.
Lake Siskiwit
Lake Siskiwit is a relatively shallow lake located in Bayfield County, Wisconsin. 
The legal land description for the lake is Township 50 North, Range 6  West, Sections 20 
and 21. The lake has a total volume of 2,577.56 acre feet, and a total area of 
approximately 329.99 acres, 19.6% of which are less than five feet deep. The maximum 
depth of the lake is 13 feet. It has two islands, one is 2.30 acres and the other is 1.97 
acres. Vegetation around the lake consists mainly of mixed hardwood stands.
Lmergent vegetation is present along most o f the shoreline. The lake bottom is 
composed mainly o f soft sediments characterized as muck, but there are some areas of 
firm sand bottom. A lake survey for Lake Siskiwit is included as Figure 2.
20
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CL<
W
t/y
U)
&
I
%
%
Ih-1
(N
I
21
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Studies have shown that Lake Siskiwit is highly contaminated with mercury 
(Dellinger, Kmiecik, Gerstenebrger, & Ngu, 1995; Dellinger, 2004; Gerstenberger, Pratt- 
Shelley, Beattie, & Dellinger, 1993, WDNR, 1999). The source of mercury 
contamination at the Lake is thought to be atmospheric deposition of mercury originating 
from locations other than the Lake. The United States Food and Drug Association 
(USDA) set a action level o f 1 ug/g o f mercury (1 mg/kg or 1 ppm) for fish consumption, 
and the Wisconsin Department o f Natural Resources (WDNR) and Local Tribes reacted 
by issuing a fish consumption advisory for Lake Siskiwit in 1993 (Advisory No. 950) that 
is still active today. The advisory calls for no consumption of walleye that are greater 
than 20 inches in length. More recently the Environmental Protection Agency (EPA) 
lowered this reference dose to 0.05 ppm, this action was supported by a report conducted 
by the National Research Council entitled “Toxicological Effects of Methylmercury”. 
(2002X
Lake Siskiwit was chosen for this study based on the high levels of mercury 
contamination in the fish and its involvement as a lake where Ojibwe spearfish walleye 
populations.
Fishes and Invertebrates 
At Lake Siskiwit, walleye have been long been targeted for fish consumption 
advisories. They are also the species of concern because the Ojibwe population spear- 
fishes the walleye at Lake Siskiwit. For this reason, walleye was chosen as the top 
predator of interest in this study. All o f the species analyzed in this study are potential 
dietary items for walleye at Lake Siskiwit. The table attached to Scientific Collection 
Permit (SCP-NOR-282-0704) issued by the WDNR, with changes made to reflect actual
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numbers and sizes allowable within the permit, identifies the fish and invertebrate species 
which were thought to reside in the lake and possibly dietary components for the walleye 
at the lake.
A study done on walleye {Stizostedion vitreum) (Quist, Guy, Bemot, & Stephen, 
2 0 0 2 ) found that approximately 80% of their annual growth in length and mass was 
attained during late summer and autumn, while growth was minimal during winter and 
spring.
Several studies have analyzed mercury concentrations in invertebrates. Rask et 
al. (1994) examined macroinvertebrates for mercury concentrations on a small polyhumic 
forest lake in Southern Finland as a component of a food chain model. They found dry 
weight mercury concentrations between 0 . 1  and 0 . 2  ng/mg (ppm) in ephemeropterans and 
trichopterans. Jardine et al. (2005) sought to establish water striders (family Gerridae) as 
a possible sentinel species for studying mercury concentrations in several streams in 
Canada. Their research showed a link between mercury concentration in water striders 
and brook trout.
Aquatic Food Chain
Liao et al. (2002) conducted a study which documented diet dynamics for six 
piscivorous fish species (black crappie {Pomoxis nigromaculatus); largemouth bass 
{Micropterus salmoides); northern pike {Esox lucius); smallmouth bass {Micropterus 
dolomieui); walleye (Stizostedion vitreum)-, and yellow perch (Perea flavescens)) from 
Spirit Lake, Iowa, USA. Diet dynamics o f fish will be extrapolated from the Liao et al. 
(2002) study and used in this study. Liao et al. (2002) found that walleye diets were 
dominated by yellow perch (perca flavescens), with few exceptions large walleye fed
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exclusively on yellow perch (perca flavescens) regardless o f season. Liao et al. (2002) 
found that small walleye (Stizostedion vitreum) fed primarily on yellow perch (Perca 
flavescens) but included larger amounts o f invertebrates such as dipterans, 
ephemeropterans, and trichopterans. Tahle 1 has been adopted from Liao et al. (2002) and 
shows the occurrence and mean importance o f major prey taxa in the walleye diet.
Dietary information from the study will also be included for yellow perch (Perca 
flavescens) since it was found to be the most significant dietary item for walleye 
(Stizostedion vitreum). Liao et al. (2002) found that yellow perch (Perca flavescens) 
diets were dominated by amphipods (more important in spring and summer than in fall), 
dipterans, decapods, and gastropods. Table 2 has heen adopted from Liao et al. (2002) 
and shows the occurrence and mean importance o f major prey taxa in the yellow perch 
diet.
A paper hy Rodgers (1994) discusses bioenergetics-based modeling for 
methylmercury accumulation in fish. A study done hy Little et al. (1998) examined 
seasonal variations in diet and trophic relationships within fish communities in a 
Canadian River system. They found most fishes in the system were generalist, 
opportunistic feeders, consuming many types of prey, the importance o f which vary 
spatially and seasonally based on prey abundance. They also found that during the fall 
season, few fish were eating. They also did seasonal stomach analyses for several species 
including walleye (Stizostedion vitreum) and white sucker (Catostomus commersoni). 
Information will be used from the aforementioned studies.
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Table 1 ; Occurrence (%) and Mean Importance (%IRI) of Major Prey Taxa in Walleye 
Diet 1995-1997 (Liao, Pierce, & Larscheid, 2002)
Species % Occurrence Mean Importance
Black Bullhead 5.6 2.7
Walleye 5.6 3.3
Yellow Perch 8 3 J 594
Amphipoda 1 1 . 1 6 . 2
Diptera 2 T 8 14.0
Ephemeroptera 5.6 5.8
Trichoptera 5.6 2 . 2
Table 2: Occurrence (%) and Mean Importance (%IRI) of Major Prey Taxa in Yellow 
Perch Diet 1995-1997 (Liao, Pierce, & Larscheid, 2002)
Species % Occurrence Mean Importance
Bluegill 5.6 3.7
Johnny Darter 5.6 2.3
Yellow Perch 5.6 3.8
Amphipoda 8 3 J 49.9
Decapoda 16.7 10.9
Diptera 2 2 2 12.7
Gastropoda 1 1 . 1 7.8
Hemiptera 5.6 2 . 1
Odonata 5.5 2.5
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CHAPTER 3
QUESTIONS, OBJECTIVES, HYPOTHESES 
Lake Characteristics
Question 1 (Q l). Is there a relationship between the different water characteristics of 
Lake Siskiwit?
Hypothesis 1 (HI). Dissolved oxygen (DO) and temperature are inversely correlated. 
Field Method 1 (HI). Measurements o f DO and temperature were collected 
from 48 points within a grid pattern at Lake Siskiwit on August 3, 2004. 
Statistical Method 1 (HI). Spearman’s Rank Correlation Procedure 
Hypothesis 2 (H2). There are no correlations between pH and conductivity and the other 
variables that were measured.
Field Method 2 (H2). Measurements o f water quality characteristics (pH, DO, 
conductivity, and temperature) were collected from 48 points within a grid 
pattern at Lake Siskiwit on August 3, 2004.
Statistical Method 2 (H2). Spearman’s Rank Correlation Procedure
Question 2 (Q2). Does Lake Siskiwit function as one large system or several, smaller 
subsystems?
Hypothesis 1 (HI). Multiple samples from Lake Siskiwit do not exhibit spatial sampling 
independence.
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Field Method 1 (HI). Water quality measurements for four water quality 
parameters (DO, temperature, pH, conductivity) were collected from 48 points 
within a grid pattern at Lake Siskiwit on August 3, 2004.
Statistical Method 1 (HI). Moran’s I Test on Water Quality Characteristic 
Sample Data
Invertebrates
Question 3 (Q3). What is an effective method for evaluating mercury concentrations in 
invertebrates?
Hypothesis 1 (HI). Smaller invertebrates can be assessed for mercury concentrations 
whole, and appropriate detection limits can be established.
Field Method I (HI). Invertebrate samples were collected from Lake Siskiwit 
using a Wildco Petite Ponar Dredge sampler (sampling from 48 locations within 
a grid pattern) and seine nets on August 3-4, 2004.
Laboratory Method I (HI). Mercury concentrations in invertebrate samples 
were analyzed whole as individual organisms, using the AMA 254 Atomic 
Absorption Mercury Analyzer.
Statistical Method 1 (HI). Analytical analysis based on methodology used 
during sample analysis.
Same-Species Fish
Question 4 (Q4). Is mercury concentration related to size of same-species fishes?
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Hypothesis 1 (HI). Mercury concentration will increase as same-species fish total length 
and weight increases.
Field Method 1 (HI). Fish samples were collected at Lake Siskiwit using seine 
nets at five different locations on August 4, 2004.
Laboratory Method 1 (HI). Genus and species o f all fish sampled was 
identified using field guides and a dissection microscope.
Laboratory Method 2 (HI). Fish samples were weighed (mg) and total length 
(mm).was measured.
Laboratory Method 3 (HI). Fish samples were homogenized whole by hand 
using mortar and pestle (when feasible) or using a blender.
Laboratory Method 4 (HI). Fish homogenate samples were analyzed for 
mercury concentrations using the AMA 254 Atomic Absorption Mercury 
Analyzer.
Statistical Method 1 (HI). Simple Linear Regression
Bioaccumulation/Biomagnification in the Food Chain 
Question 5 (Q5). Is there a relationship between mercury concentrations in organisms 
lower in the food chain and organisms higher in the food chain?
Hypothesis 1 (HI). Mercury concentrations at the invertebrate level will be lower than 
mercury concentrations in the fish.
Field Method 1 (HI). Invertebrate samples were collected from Lake Siskiwit 
using a Wildco Petite Ponar Dredge sampler (sampling from 48 locations within 
a grid pattern) and seine nets on August 3-4, 2004.
28
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Field Method 2 (HI). Fish samples were collected at Lake Siskiwit using seine 
nets at five different locations on August 4, 2004.
Laboratory Method 1 (HI). Mercury concentrations in invertebrate samples 
were analyzed whole as individual organisms, using the AMA 254 Atomic 
Absorption Mercury Analyzer.
Laboratory Method 2 (HI). Fish samples were homogenized whole by hand 
using mortar and pestle (when feasible) or using a blender.
Laboratory Method 3 (HI). Fish homogenate samples were analyzed for 
mercury concentrations using the AMA 254 Atomic Absorption Mercury 
Analyzer.
Statistical Method 1 (HI). Kruskal-Wallis Comparison o f Medians 
Statistical Method 2 (HI). Nemenyi Post Hoc Test 
Hypothesis 2 (H2). Mercury concentrations will be higher in piscivores than in 
insectivores or herbivores.
Field Method 1 (H2). Invertebrate samples were collected from Lake Siskiwit 
using a Wildco Petite Ponar Dredge sampler (sampling from 48 locations within 
a grid pattern) and seine nets on August 3-4, 2004.
Field Method 2 (H2). Fish samples were collected at Lake Siskiwit using seine 
nets at five different locations on August 4, 2004.
Laboratory Method 1 (H2). Mercury concentrations in invertebrate samples 
were analyzed whole as individual organisms, using the AMA 254 Atomic 
Absorption Mercury Analyzer.
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Laboratory Method 2 (H2). Fish samples were homogenized whole by hand 
using mortar and pestle (when feasible) or using a blender.
Laboratory Method 3 (H2). Fish homogenate samples were analyzed for 
mercury concentrations using the AMA 254 Atomic Absorption Mercury 
Analyzer.
Statistical Method 1 (H2). Kruskal-Wallis Comparison of Medians 
Statistical Method 2 (H2). Nemenyi Post Hoc Test
Analytical Method 1 (H2). A table showing feeding preferences of organisms 
sampled (based on the literature) was complied.
Analytical Method 2 (H2). Results o f the statistical tests were compared to 
table o f feeding preferences.
Question 6  (Q6 ). Which level of the walleye food chain is the greatest contributor to its 
high mercury concentrations?
Hypothesis 1 (HI). Smaller fish are the greatest contributor to high mercury 
concentrations in walleye (biomagnification).
Field Method 1 (HI). Invertebrate samples were collected from Lake Siskiwit 
using a Wildco Petite Ponar Dredge sampler (sampling from 48 locations within 
a grid pattern) and seine nets on August 3-4, 2004.
Field Method 2 (HI). Fish samples were collected at Lake Siskiwit using seine 
nets at five different locations on August 4, 2004.
Laboratory Method 1 (HI). Mercury concentrations in invertebrate samples 
were analyzed whole as individual organisms^ using the AMA 254 Atomic 
Absorption Mercury Analyzer.
30
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Laboratory Method 2 (HI). Fish samples were homogenized whole by hand 
using mortar and pestle (when feasible) or using a blender.
Laboratory Method 3 (HI). Fish homogenate samples were analyzed for 
mercury concentrations using the AMA 254 Atomic Absorption Mercury 
Analyzer.
Statistical Method 1 (HI). Descriptive statistics to identify mean mercury 
concentrations.
Analytical Method 1 (HI). Analytical Model
Mercurv Concentration Relationship to Location 
Question 7 (Q7). Is there a relationship between mercury concentrations between 
organisms captured in an area and the water quality characteristics o f that same area? 
Hypothesis 1 (HI). There is an inverse relationship between mercury concentrations in 
organisms and pH levels.
Field Method I (HI). Measurements o f pH were collected from 48 points 
within a grid pattern at Lake Siskiwit on August 3, 2004.
Field Method 2 (HI). Fish samples were collected at Lake Siskiwit using seine 
nets at five different locations on August 4, 2004.
Laboratory Method 1 (HI). Fish samples were homogenized whole by hand 
using mortar and pestle (when feasible) or using a blender.
Laboratory Method 2 (HI). Fish homogenate samples were analyzed for 
mercury concentrations using the AMA 254 Atomic Absorption Mercury 
Analyzer.
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Statistical Method 1 (HI). Group data by species and capture location 
Statistical Method 2 (HI). Kruskal-Wallis Test Comparison o f Medians 
Statistical Method 3 (HI). Nemenyi Post Hoc Test
Analytical Method 1 (HI). Analytical analysis o f results of post hoc based on 
pH for nearest grid point to the location where the organisms were captured. 
Hypothesis 2 (H2). There is a positive relationship between mercury concentrations in 
organisms and dissolved oxygen (DO) levels.
Field Method 1 (H2). Measurements o f DO were collected from 48 points 
within a grid pattern at Lake Siskiwit on August 3, 2004.
Field Method 2 (H2). Fish samples were collected at Lake Siskiwit using seine 
nets at five different locations on August 4, 2004.
Laboratory Method 1 (H2). Fish samples were homogenized whole by hand 
using mortar and pestle (when feasible) or using a blender.
Laboratory Method 2 (H2). Fish homogenate samples were analyzed for 
mercury concentrations using the AMA 254 Atomic Absorption Mercury 
Analyzer.
Statistical Method 1 (H2). Group data by species and capture location 
Statistical Method 2 (H2). Kruskal-Wallis Test Comparison of Medians 
Statistical Method 3 (H2). Nemenyi Post Hoc Test
Analytical Method 1 (H2). Analytical analysis o f results o f post hoc based on 
DO for nearest grid point to the location where the organisms were captured. 
Hypothesis 3(H3). There is an inverse relationship between mercury concentrations in 
organisms and water temperature.
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Field Method 1 (H3). Measurements o f water temperature were collected from 
48 points within a grid pattern at Lake Siskiwit on August 3, 2004.
Field Method 2 (H3). Fish samples were collected at Lake Siskiwit using seine 
nets at five different locations on August 4, 2004.
Laboratory Method 1 (H3). Fish samples were homogenized whole hy hand 
using mortar and pestle (when feasible) or using a blender.
Laboratory Method 2 (H3). Fish homogenate samples were analyzed for 
mercury concentrations using the AMA 254 Atomic Absorption Mercury 
Analyzer.
Statistical Method 1 (H3). Group data by species and capture location 
Statistical Method 2 (H3). Kruskal-Wallis Test Comparison of Medians 
Statistical Method 3 (H3). Nemenyi Post Hoc Test
Analytical Method 1 (H3). Analytical analysis of results of post hoc based on 
water temperature for nearest grid point to the location where the organisms 
were captured.
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CHAPTER 4
METHODOLOGY 
Field Methods
A lake survey map for Lake Siskiwit was obtained from the Wisconsin 
Conservation Department; the lake was mapped in June o f 1964. Using the scale of the 
map, a grid was drawn with an estimated distance between grid lines o f 500 feet. The 
distance of 500 feet was chosen so that there would be approximately 50 sampling points. 
The axes of the grid lines, which are located on viable locations in the lake, were to guide 
sampling locations. A lake map showing grid lines estimating sampling locations is 
included in Figure 3. A Geographic Positioning System (GPS) unit was used to estimate 
these sampling locations on the lake, and actual GPS positions were noted.
Yellow Springs Instrument (YSI) meters were used to collect measurements o f water 
quality at each sampling location. Water quality parameters measured included four 
variables, pH, dissolved oxygen (DO), conductivity, and temperature. Measurements 
were taken from the mid-point of the water column (approximately the same distance to 
water surface as to the lake bottom).
QA/QC was performed using reference materials with known values for calibration o f 
pH and dissolved oxygen. Conductivity and temperature calibration are preset by the 
manufacturer. Probes were cleaned between samplings with distilled water.
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Figure 3; Lake Siskiwit Lake Survey Map Showing Gridlines (Approximately 500 feet square) Used 
for Estimating Sampling Locations (Gridline Intersection Points within Lake)
The potential for sampling pseudoreplicates must be explored. The problem of 
pseudoreplication in the design of ecological field experiments was addressed by Hulbert 
(1984) and revisited by Heffner et al. (1996). It is the assumption of many statistical tests 
that there is sample independence, usage of these tests would not be appropriate if  the 
data does not exhibit spatial independence.
Statistical analysis o f water quality measurements was done using SPSS (Version 
13.0, released in 2004) and the data was analyzed using the following statistical tests:
a. Test for Normality- Shapiro-Wilkes
i. Null hypothesis- Normal
ii. Alternate hypothesis- Not Normal
b. Moran’s I- to determine spatial independence distance
i. Null hypothesis-No autocorrelation
ii. If Moran’s I > 500 feet, then adjust data accordingly- taking 
averages o f points.
iii. If Moran’s I < 500 feet, then no adjustment to data is necessary.
c. Check for significant differences between points:
i. Normal distribution- Use ANOVA
ii. Not normally distributed- Use Kruskal-Wallace
d. Results o f Analysis o f Water Characteristics of Lake Siskiwit -
i. If no significant differences, then treat as pseudoreplicates.
ii. If significant differences, then group similar points- thereby 
creating two or more zones.
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1. Samples collected from different zones will be treated as 
independent.
2. Attempts will be made to collect similar numbers of 
samples in each zone.
At each of the 48 sampling locations, following the collection o f water quality 
measurements, a Wildco Petite Ponar dredge sampler was used to sample invertebrates 
from the lake bottom. Between sampling locations the dredge was rinsed twice in lake 
water to avoid cross-contamination o f samples. The dredged material was placed into a 
clear plastic container and hand sifted to collect any invertebrates present in the material. 
All dredged material determined to contain no invertebrates was returned to the lake and 
the clear plastic container was rinsed with lake water prior to moving to the next 
sampling location.
The locations for sample collection of fish were based on the outcome o f the 
aforementioned statistical analyses for determining independence. If the water quality 
samples indicated that the samples are not statistically independent then fish samples 
could he collected randomly throughout the lake and considered to be pseudoreplicates. 
If the analysis revealed that the sample locations were statistically independent, then 
attempts would be made to collect the same number o f samples within the zones 
determined by the statistical analysis.
Seine nets were utilized to collect fish samples (a few invertebrates were also 
captured) at approximately five locations close to the shoreline of the lake. Live fish 
samples collected were euthanized using a solution of 10% MS222. Following
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euthanization, samples were placed into bags (labeled with the location and date o f 
capture).
Wire mesh (1/8” mesh) fish and crayfish traps were baited, with bread and hot 
dogs, and were set at various locations around the lake. Traps were set at dusk on August 
3, 2004 and collected at dawm on August 4, 2004. This method was ineffective in 
capturing organisms; all recovered traps contained no organisms and most of the material 
used for bait was still present in the traps.
Laboratorv Methods
The genus and species o f all samples (fish and invertebrates) was identified using 
a dissection microscope and two field guides. How to Know the Freshwater Fishes 
(Eddy, & Underhill, 1978), How to Know the Aquatic Insects (Lehmkuhl, 1979). The 
genus and species o f each sample were recorded on a data sheet. Invertebrate samples 
were weighed (mg) and were analyzed for mercury whole and individually.
Fish samples were weighed (mg) and length measured (mm); total length and fork 
length (when applicable). Each sample was homogenized whole, by hand with mortar 
and pestle (when feasible) or using a blender. Between sample homogenizations, the 
mortar and pestle or blender was soaked in a 1 0 % by volume nitric acid bath, air dried, 
rinsed with distilled water, and air dried. The homogenized sample was then placed into 
labeled sample containers.
QA/QC was performed on all sample containers prior to the use in this study. The 
containers were soaked in a 1 0 % by volume nitric acid bath, allowed to air dry, rinsed 
with distilled water and allowed to air dry. Prior to using sample containers, one sample
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container (for each package o f sample containers used) was prepared for use, filled with 
distilled water, and the distilled water was analyzed for total mercury using the AMA 254 
Atomic Absorption Mercury Analyzer (Leco Corporation). All water samples tested, 
were negative for mercury.
Total mercury was analyzed using the AMA 254 Atomic Absorption Mercury 
Analyzer. Samples were analyzed in nickel sample boats with drying, decomposition 
(550°C), and waiting times of 60:240:45 seconds for all tissues and certified reference 
materials. Ultra pure oxygen was used as the carrier gas with an inlet pressure of 250 kPa 
and a flow rate o f 200 ml/min (Gerstenberger & Pearson, 2002). The AMA 254 has a 
detection limit of 0.01 ng mercury and a linear range from 0.05 to 40 ng (Gerstenberger,
& Pearson 2002). Results for samples that are out o f the working linear range were 
discarded and whenever there was remaining sample material that had not been analyzed, 
a new sample was analyzed.
QA/QC was performed once for every ten samples using a certified reference 
material DORM-2, dogfish muscle from NRC, Canada, with a known concentration of 
4.64 ± 0.26ppm. Approximately 2-4 mg o f the certified reference material was weighed 
and analyzed after every ten samples, followed by a blank run (empty boat) to ensure 
removal o f any residual mercury.
Statistical Methods
For all statistical tests performed a significance level of 0.05 was chosen (a = 
0.05). This significance level was chosen for two reasons. A significance level of 0.05 is 
considered to be the best choice for minimizing chances o f Type I and II Errors (Zar,
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1999). The second reason for choosing this significance level is that, according to Zar 
(1999), it is the most widely used significance level.
Some o f the species that were collected for this study have sample sizes o f less 
than five. For these groups, only descriptive statistics are presented. For all groups with 
sample sizes greater than five, results of normality tests are presented in addition to 
descriptive statistics. The Shapiro-Wilkes Procedure for testing normality was used to 
determine if the samples had a normal distribution, this was the most appropriate test 
given the samples sizes o f n<50.
Simple liner regression analysis is used, as appropriate, to determine the 
dependence of a single variable on another variable, it assumes that one variable is 
dependant upon the other (Zar, 1999).
Correlations were used for determining linear relationships between two variables 
not assumed to be dependant upon each other (Zar, 1999). The Pearson Product Moment 
Correlation Procedure was used for data with normal distributions, and Spearman’s Rank 
Correlation Procedure was used for data with non-normal distributions.
Analvtical Methods
An analytical model was created using mean dietary importance data from Liao et 
al. (2002), mercury concentration data for walleye provided by WDNR and GLIFWC, 
and mean mercury concentration analysis on organisms collected from Lake Siskiwit as 
part of this study. The dietary study described by Laio et al. (2002) was used for this 
model for a few reasons. First, is because the prey taxons described in the Laio paper 
were very similar to those known to occur in lakes in Northern Wisconsin. Another
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reason for the use o f information provided in Laio et al. (2002) was the comprehensive 
nature of the dietary study.
Using the information from the sources mentioned above, the following formula 
was used to calculate the expected mean mercury concentration for each prey item: mean 
dietary importance (%) represented as a decimal and multiplied by the actual mercury 
concentration in the predator (ppm). The following formula was used to calculate the 
actual mercury concentration (ppm) being contributed to the predator by each prey 
organism, based on the data provided by WDNR and GLIFWC, and the data collected in 
this study: mean dietary importance (%) represented as a decimal multiplied by the mean 
mercury concentration in the prey taxon (ppm).
The analytical model, as described, makes several assumptions. It assumed that 
prey taxon availability at Lake Siskiwit will be similar to that described by Laio et al. 
(2002) for Spirit Lake located in Iowa. It also assumed similar seasonal patterns as those 
experienced during the period of study for Laio et al. (2002). This is especially 
important, since seasonal patterns have a large potential to impact feeding habits and prey 
availability. Many o f the invertebrate prey taxons have life cycles that are heavily 
impacted by seasonal variations. The model also assumes that mean mercury 
concentrations of samples collected are representative of those found in the populations 
being sampled. The model also does not take into account the percentage o f mercury 
being consumed that is not being absorbed by the prey species (metabolized and 
excreted). Despite these assumptions, the analytical model should be effective in giving 
general estimates mean mercury contributions from prey taxon of walleye and yellow 
perch.
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CHAPTER 5
RESULTS AND DISCUSSION
Measurements o f water quality characteristics, invertebrate and fish sample 
collections all occurred at Lake Siskiwit, located in Northern Wisconsin, United States of 
America. Water quality measurements were made on August 3, 2004. Invertebrate 
samples were collected on August 3-4, 2004. Fish samples were collected on August 4, 
2004. Both sampling days were partly sunny, with a light breeze, and a daytime air 
temperature around 85 °F. There was no precipitation on either day.
Lake Characteristics 
In order to determine relationships between water quality characteristics 
throughout Lake Siskiwit, dissolved oxygen, pH, temperature, and conductivity 
measurements were taken at 48 locations within the lake (Figure 4). Descriptive statistics 
for each of the water quality measurements were calculated and have been included in 
Table 3. Shapiro-Wilkes normality tests indicated a non-normal distribution for all water 
quality parameters, except temperature. Since non-normal data distributions were 
present, Spearman’s Rank Correlation Procedure was used to assess relationships 
between all water quality parameters, results are illustrated in Table 4 . The Spearman 
Rank correlation showed a significant inverse correlation between temperature and pH, 
and positive correlations between temperature and conductivity, and temperature and DO.
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Table 3: Summary of Descriptive Statistics and Normality Tests from the Water Quality 
Analysis
Variable n Mean Median Standard Shapiro- p-Value
Deviation Wilkes 
Statistic
Dissolved 
Oxygen (pg/1)
48 8 . 1 2 823 0.247 0.830 < 0 . 0 0 1
pH 48 6.3 6 2 022 0228 < 0 . 0 0 1
Temperature
(C°)
48 242 24.3 0.746 0.967 0 . 2 0 0
Conductivity
(pS/cm)
48 252 252 0.560 0.885 < 0 . 0 0 1
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Figure 4: Lake Siskiwit Lake Survey Map Showing Estimated Actual Sampling Locations
Table 4: Results o f Spearman's Rank Correlation Procedure for Water Quality Analysis 
Variables
Dissolved
Oxygen
(pg/1)
pH Temperature
(C°)
pH Correlation
Coefficient
p-Value
0.234
0.055
Temperature (C°) Correlation
Coefficient 0286 -0.536
p-Value 0.025 < 0.001
Conductivity (pS/cm) Correlation
Coefficient 0.078 -0.235 0.673
p-Value 0298 0.054 <0.001
Table 5: Results o f Moran's I Test for Spatial Sampling Independence Using Water 
Quality Characteristics
Dissolved Temperature pH
Oxygen (C°)
(Pg/1)
Conductivity
(pS/cm)
Moran’s I 0.076 0.652 0.584 -0.027
Moran’s z-random 0282 6203 5.448 -0.015
Moran’s z- normal 0.873 6262 5.448 -0.052
Number o f lags 
necessary to 
achieve 
insignificant 
autocorrelation
1 12 6 1
A Moran’s I Test was performed on the water quality measurements to test for 
spatial sampling independence; results are shown in Table 5. Results of the test indicate
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that dissolved oxygen and conductivity do not show significant first-order 
autocorrelation, but pH and temperature are highly autocorrelated. These findings 
indicate that samples collected at Lake Siskiwit are highly correlated, will not exhibit 
sampling independence, and are therefore to be considered pseudoreplicates. The lack of 
spatial sampling independence also indicated that no significantly different zones or areas 
within Lake Siskiwit. This result dictated the method for fish sample collection, 
indicating that fish could be collected anywhere within Lake Siskiwit.
Invertebrates
In order to determine mercury concentrations in invertebrates from Lake Siskiwit, 
32 invertebrate samples were collected. These samples were identified as Amphipoda 
(1), Ephemeroptera (Ephemeridae) (15), Gastropoda (1), Odonata (Goniphiade) (4), 
Odonata (Libellulidae) (6), Trichoptera (Philopotamidae) (1), and Trichoptera 
(Psychomyiidae) (4). Organisms were analyzed whole for total mercury; levels of total 
mercury were detected in all invertebrates analyzed.
The descriptive statistics for mean total mercury (ng) for these groups are shown 
in Table 6. Only two o f the groups had a large enough number o f samples to allow for a 
robust test of normality. The result for total mercury (ng) for Ephemeroptera 
(Ephemeridae) was non-normally distributed based on the Shapiro-Wilkes test for 
normality.
Since there was a non-normal distribution for Ephemeroptera (Ephemeridae) total 
mercury (ng), Spearman’s Rank Correlation Procedure was performed to assess 
relationships between total mass (mg), total mercury concentration (ppm), and total
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mercury (ng), included in Table 8. Significant correlations were, an inverse correlation 
between total mass (mg) and total mercury concentration (ppm), a positive correlation 
between total mass (mg) and total mercury (ng). There was not a significant relationship 
identified between total mercury concentration (ppm) and total mercury (ng).
Since all data for Odonata (Libellulidae) was found to be normally distributed, 
Pearson’s Product Moment Correlation Procedure was used to assess relationships 
between total mass (mg), total mercury concentration (ppm), and total mercury (ng). The 
significant correlation for Odonata (Libellulidae) were a positive correlation between 
total mercury (ng) and total mass. There were not significant correlations identified 
between total mass (mg) and total mercury concentration (ppm), or between total 
mercury concentration (ppm) and total mercury (ng). Correlation results are included in 
Table 9.
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Table 6: Summary o f Descriptive Statistics for Invertebrate Analysis of Samples for Total
Mercury (Hg)(ng)
Variable N Median Mean Standard Shapiro- p-
Total Hg Total Deviation Wilk Value
(ng) Hg Statistic
( m )
Amphipoda 1* 0.15 0.15 0
Ephemeroptera (Ephemeridae) 15 0.50 028 0.35 0256 0.021
Gastropoda 2* 0.45 0.45 0.51 • •
Odonata (Gomphiade) 4* 2.2 1.6 2.0 •
Odonata (Libellulidae) 6 2.6 2.3 1.8 0.911 0.442
Trichoptera (Philopotamidae) 1* 17 17 0 •
Trichoptera (Psychomyiidae) 4* 1.9 1.7 1.5 •
* Although sample sizes were too low to provide for a robust sample, values were still 
included in the table to demonstrate levels o f mercury that were identified for all samples 
collected.
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Table 7: Summary of Descriptive Statistics for Invertebrate Analysis o f Samples for Total
Mercury (Hg) Concentration (ppm)
Variable N Mea Median Standard Shapiro- p-
nH g
Con
c.
(PP 
jn j
Deviation Wilk Value 
Statistic
Amphipoda 1* 0.15 0.15 0
Ephemeroptera (Ephemeridae) 15 0.02 0.01 0.01 0.936 0.334
Gastropoda 2* 0.01 0.01 0.00 •
Odonata (Gomphiade) 4* 0.01 0.02 0.00 •
Odonata (Libellulidae) 6 0.02 0.02 0.01 0.844 0.140
Trichoptera (Philopotamidae) 1* 0.09 0.09 0 • •
Trichoptera (Psychomyiidae) 4* 0.02 0.03 0.01
* Although sample sizes were too low to provide for a robust sample, values were still 
included in the table to demonstrate levels of mercury that were identified for all 
samples collected.
Table 8: Results o f Spearman’s Rank Correlation Procedure for Ephemeroptera 
(Ephemeridae) (n= 15)
Total Mass Total Hg
Total Hg Concentration (ppm) Correlation
Coefficient
p-Value
-0.557
0.031
Total Hg (ng) Correlation
Coefficient 0.782 -0.071
p-Value 0.001 0.800
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Table 9: Results of Pearson's Product Moment Correlation Procedure for Odonata
(Libellulidae) (n=6)
Total Mass Total Hg
Total Hg Concentration (ppm) Correlation
Coefficient
p-Value
-0.134
0.800
Total Hg (ng) Correlation
Coefficient 0.838 0.427
p-Value 0.037 0.399
Same-Species Fish
For the purposes of assessing total mercury concentrations in fish species o f Lake 
Siskiwit, samples o f fish were collected from the lake. Samples were later identified as 
Perea flavescens (n= 116), Lepomis macrochirus (n= 18), Catostomus commersoni (n= 
4), and Lepomis gibbosus (n= 2). Descriptive statistics for all fish species captured are 
included: Perea flaveseens (Table 10), Lepomis maeroehirus (Table 11), Catostomus 
eommersoni (Table 12), and Lepomis gibbosus (Table 13).
Shapiro-Wilkes normality tests were performed for all species where n > 5. 
Results of the test for Perea flaveseens indicated that the data were all distributed non- 
normally. The results for Lepomis maeroehirus indicate that data for total mass and total 
mercury (ng) were distributed non-normally; all other variables had normal distributions. 
Given the results, data were treated as non-normal and nonparametric tests were used.
For determination of relationships in same-species fish characteristics, regression 
analysis was performed. The first set o f analyses focused on the association between 
total length (mm) and total mercury concentration (ng). Poor associations were detected
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for this relationship in both of the species tested, with one Revalue less than 0.02 and one 
just above it (0.029). Scatterplots have been included for Perea flaveseens (Figure 5), 
Lepomis maeroehirus (Figure 6 ), and Catostomus eommersoni (Figure 7). Visual 
inspection o f the scatterplot for Perea flaveseens indicated a presence o f outliers, so 
additional statistical tests were performed. Visual inspection o f the scatterplots for 
Lepomis maeroehirus and Catostomus eommersoni supports the regression findings of 
very weak associations between the two variables.
The second set o f analyses focused on the association between total mass and 
total mercury concentration (ppm). Poor associations were detected in both groups 
tested, with both R^ values less than 0.02. Scatterplots have been included for Perea 
flaveseens (Figure 8 ), Lepomis maeroehirus (Figure 9), and Catostomus eommersoni 
(Figure 10). Visual inspection o f the scatterplot for Perea flaveseens supports the 
indication o f outliers, as noted in the scatterplot for identifying associations between total 
mass (mg) and total mercury (ng). Visual inspection of the scatterplots for Lepomis 
maeroehirus and Catostomus eommersoni also support the regression findings o f very 
weak associations between the variables.
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Table 10: Summary Descriptive Statistics for {Perea flaveseens) (n=l 16)
Fish Species Mean Median Standard Shapiro-
Deviation Wilk
Statistic
p-Value
Total Length (mm) 51 49 1 1 0.600 < 0 . 0 0 1
Fork Length (mm) 48 46 1 1 0.574 < 0 . 0 0 1
Total Mass (mg) 1322 931.9 2030 0.307 < 0 . 0 0 1
Total Hg
Concentration(ppm)
0.07 0.07 0 . 0 2 0.837 < 0 . 0 0 1
Total Hg (ng) 99 6 6 175 0.273 < 0 . 0 0 1
Table 11: Summary Descriptive Statistics for Lepomis maeroehirus (n= 18)
Fish Species Mean Median Standard Shapiro-
Deviation Wilk
Statistic
p-Value
Total Length (mm) 41 40 5.8 0.966 0.722
Fork Length (mm) 39 38 6 . 0 0.954 0.496
Total Mass (mg) 672.1 485.2 474.3 0.833 0.005
Total Hg
Concentration(ppm)
0.05 0.05 0 . 0 1 0.920 0.131
Total Hg (ng) 32 2 2 24 0.776 0 . 0 0 1
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Table 12: Summary Descriptive Statistics for Catostomus commersoni (n= 4*)
Fish Species Mean Median Standard Shapiro- p-Value
Deviation Wilk
Statistic
Total Length (mm) 59 59 6 . 0 •
Fork Length (mm) 55 56 4.6 •
Total Mass (mg) 1968 1997 641.7
Total Hg
Concentration(ppm)
0.03 0.03 0 . 0 1 •
Total Hg (ng) 6 6 63 14
Table 13: Summary Descriptive Statistics for Lepomis gibbosus (n= 2*)
Fish Species Mean Median Standard Shapiro-
Deviation Wilk
Statistic
p-Value
Total Length (mm) 1 1 0 1 1 0 54 •
Fork Length (mm) 1 1 0 1 1 0 53
Total Mass (mg) 44920 44920 55240
Total Hg
Concentration(ppm)
0.06 0.06 0 . 0 1
Total Hg (ng) 2576 2576 3084
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Figure 5: Scatterplot o f Perça flavescens Total Length (mm) v. Total Hg Concentration 
(ppm) (R^= 0.002, F = 0.210, p = 0.648)
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Figure 6 : Scatterplot o f Lepomis macrochirus Total Length (mm) v. Total Hg 
Concentration (ppm) (R^ = 0.029, F = 0.626, p = 0.438)
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Since the visual inspections of the scatterplots for Perea flavescens indicated the 
presence of outliers, simple linear regression was conducted or both comparisons using a 
5 % trimmed mean. Significant associations were identified for total length (mm) and 
total mercury concentration (ppm) (R^ = 0.061, F = 6.443, p = 0.013) and total mass (mg) 
and total mercury concentration (ppm) (R^ = 0.082, F = 8.891, p = 0.004). These 
relationships have been identified as inverse based on Pearson’s Correlation Procedure 
(chosen because non-normal data distributions are present); total length (mm) and total 
mercury concentration (ppm) (Correlation Coefficient = -0.196, p = 0.048), mass (mg) 
and total mercury concentration (ppm) (Correlation Coefficient = -0.196, p = 0.048).
Bioaccumulation/ Biomagnification in the Food Chain 
For the purposes of determining relationships between sample groups based on 
feeding habits, the trophic levels for sample groups were determined through a literature 
search and are shown in
Table 14. Shapiro-Wilkes normality test was performed for all groups, and 
indicated that data for some of the groups is distributed non-normally. Based on the 
results of normality tests, a Kruskal-Wallis test was used for comparing the median 
mercury concentrations of invertebrates and fish. The analysis showed that there were 
significant differences between the 11 groups (7 invertebrate and 4 fish) (n=180, p = 
< 0 .001).
A Nemenyi post hoc test was performed to determine which groups within the 
sample set contributed to these diffences. Perea flavescens had mercury concentrations 
significantly greater than Ephemeroptera (Ephemeridae), Odonata (Gomphiade), Odonata
57
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
(Libellulidae), Trichoptera (Psychomyiidae), and Lepomis machrochirus. Significant 
results are included in Table 15.
Table 14: Trophic Levels o f Organisms Sampled 
Organism Common Name Trophic Level Reference
Amphipoda Scud Detritivore (Lecerf et al., 2005)
Lphemeroptera
(Lphemeridae)
Burrowing Mayfly Detritivore/Herbivore (Lehmkuhl, 1979)
Gastropoda Snail Detritivore/Herbivore (Lombardo & 
Cooke, 2004)
Odonata
(Gomphiade)
Dragonfly Predatory (Lehmkuhl, 1979)
Odonata
(Libellulidae)
Dragonfly Predatory (Lehmkuhl, 1979)
Trichoptera
(Philopotamidae)
Caddisfly Detritivore/Herbivore (Lehmkuhl, 1979)
Trichoptera
(Psychomyiidae)
Caddisfly Detritivore/Herbivore (Lehmkuhl, 1979)
Catostomus
commersoni
White Sucker Detritivore/Herbivore (Lddy, & Underhill, 
1978)
Lepomis gibbosus Pumpkinseed Predatory
(gastropods)
(Mittelbach, 1984)
Lepomis
macrochirus
Bluegill Predatory
(zooplankton)
(Mittelbach, 1984)
Perea flavescens Perch Piscivorous (Lddy, & Underhill, 
1978)
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Table 15: Results of Nemenyi Tests on Total Hg Concentrations (ppm) for the 11 Sample 
Groups, Critical q= 3.317 p = 0.05, k = 11; significant results shown
Comparison Q Conclusion
Perea flavescens
V
Ephemeroptera (Ephemeridae)
7.234 Perea flavescens Hg Concentration 
greater than Ephemeroptera 
(Ephemeridae)
Hg Concentration
Perea flavescens
V
Odonata (Gomphiade)
3.933 Perea flavescens Hg Concentration 
greater than Odonata (Gomphiade) 
Hg Concentration
Perea flavescens
V
Odonata (Libellulidae)
4.551 Perea flavescens Hg Concentration 
greater than Odonata (Libellulidae) 
Hg Concentration
Perea flavescens
V
Trichoptera (Psychomyiidae)
3.518 Perea flavescens Hg Concentration 
greater than Trichoptera 
(Psychomyiidae) Hg Concentration
Perea flavescens
V
Lepomis macrochirus
5.771 Perea flavescens Hg Concentration 
greater than Lepomis macrochirus 
Hg Concentration
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Table 16: Liao et al. (2002) Walleye Diet Matched with Present Study Mean Mercury
Concentrations
Species* N Mean Hg
concentration (ppm)
% Mean 
Importance*
Black Bullhead 0 - 2.7
Walleye 0 - 3.3
Yellow Perch 116 0.07373 59.9
Amphipoda 1 0.1530 6 . 2
Diptera 0 - 14.0
Ephemeroptera 15 0.01535 5.8
Trichoptera (Philopotamidae) 1 0.09175 2 . 2
Trichoptera (Psychomyiidae) 4 0.02407
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Table 17: Liao et al. (2002) Walleye Diet Matched with Present Study Mean Mercury
Concentrations
Species* N Mean Hg
concentration (ppm)
% Mean 
Importance*
Bluegill 18 0.04675 3.7
Johnny Darter 0 - 2.3
Yellow Perch 116 0.07373 3.8
Amphipoda 1 0.1530 49.9
Decapoda 0 - 10.9
Diptera 0 - 12.7
Gastropoda 2 0.00654 7.8
Hemiptera 0 “ 2 . 1
Odonata
(Gomphiade)
4 0.01411 2.5
Odonata
(Libelluidae)
6 0.01761
An analytical model was created to estimate mean mercury contributions from 
prey taxon to walleye. Since walleye is a sport-fish, none were collected for this study. 
The State of Wisconsin Department o f Natural Resources (WDNR) and the Great Lakes 
Indian Fish & Wildlife Commission (GLIFWC) collected walleye fish samples from 
Lake Siskiwit and performed mercury analysis. They provided the walleye mercury 
concentration data that will be used for the analytical model. The samples were collected 
between 6/17/1983 and 4/28/2003. All samples were analyzed in a fillet form (only 
tissues, since this is what is usually consumed by humans), although all samples in the 
present study were analyzed whole (homogenized) since this is the way that would be
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consumed by other organisms. Samples varied as to skin on or off the fillet being 
analyzed. The length range o f walleye sampled was between 12.4 and 25.5 inches. Mass 
was not reported for all samples. The descriptive statistics for the mercury concentration 
(ppm) dataset are as follows; n = 42, mean = 0.660 ppm, median = 0.652 ppm, standard 
deviation = 0.281 ppm, Shapiro-Wilkes Statistic = 0.929, p = 0.012. The Shapiro-Wilkes 
statistic reflects that the data is not normally distributed.
Table 18 is a compilation of the results o f the analytical model for walleye.
Visual comparisons between the expected and model results for walleye are included in 
Figure 11. Visual inspection o f the mean expected vs. analytical model results show a 
few large differences. The expected mean mercury contribution o f yellow perch is many 
times greater than the model estimate mean mercury contribution based on the 
concentrations observed in the present study. Expected mercury contributions of 
Amphipoda, Ephemeroptera, and Trichoptera also exceed the model estimated mean 
mercury contribution, but to a lesser degree than that of yellow perch.
Results o f the analytical model for yellow perch are included in Table 19. Visual 
comparisons of the expected vs. analytical model results for yellow perch also show some 
large differences. Visual inspection o f the mean expected vs. analytical model results for 
yellow perch also show some large differences. The most obvious difference is that the 
model estimates mean mercury contribution for Amphipoda is more than double the 
expected mean mercury contribution. Expected mercury contributions of bluegill. 
Gastropoda, and Odonata also exceed the model estimated mean mercury contribution, 
but to a lesser degree than that of Amphipoda.
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Table 18; Contributions o f Walleye Prey Taxon to Mean Mercury Concentrations Based
on Analytical Model
Prey Taxon Mean Dietary 
Importance (%)
Expected Hg 
Contribution
Mean Hg 
Concentration
Mean Hg 
Contribution of
Black Bullhead 0.027 0.0178 Not Available -
Walleye 0.033 0.0218 0.660 0.0218
Yellow Perch 0.599 0.3953 0.07373 0.04416
Amphipoda 0.062 0.0409 0.153 0.009486
Diptera 0.14 0.0924 Not Available -
Ephemeroptera 0.058 0.0383 0.0154 0.000893
Trichoptera 0 . 0 2 2 0.0145 0.03761 0.000827
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Table 19; Contribution of Yellow Perch Prey Taxon to Mean Mercury Concentrations
Based on Analytical Model
Prey Taxon Mean Dietary Expected Hg Mean Hg Mean Hg
Importance (%) Contribution Concentration Contribution of
(ppm)
Bluegill 0.037 0 . 0 0 0.05
Johnny Darter 0.023 0 . 0 0 Not Available -
Yellow Perch 0.038 0 . 0 0 0.07 0 . 0 0
Amphipoda 0.499 0.04 0.15 0.08
Decapoda 0.109 0 . 0 1 Not Available -
Diptera 0.127 0.09 Not Available -
Gastropoda 0.078 0 . 0 1 0 . 0 1 0 . 0 0
Hemiptera 0 . 0 2 1 0 . 0 0 Not Available -
Odonata 0.025 0 . 0 0 0 . 0 2 0 . 0 0
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Mercury Concentration Relationship to Location 
For the purposes of determining if a relationship exists between mercury 
concentrations in organisms and the water quality characteristics in the location in which 
they were caught, a Kruskal-Wallis test (chosen due to non-normally distributed data), 
comparing the median mercury concentrations, was completed for invertebrate and fish 
groups based on the location in which they were sampled. The invertebrate analysis 
showed that for n = 33, p-value = 0.113, no significant differences in invertebrate 
mercury concentrations based on location o f capture. The fish analysis showed that for n
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= 147, p-value = < 0.001, significant differences in fish mercury concentrations based on 
location o f capture.
The fish samples were collected from five locations in Lake Siskiwit 
(Approximate capture locations are depicted in Figure 13). All locations were along the 
shoreline. Location #1 and #2 were located in close proximity to the outflow for the lake. 
Location #3 is the closest location to the inflow (stream-fed). Location #4 is located in 
an area that experiences very little water movement. Location #5 is almost directly 
opposite the inflow.
Nemenyi post hoc tests were performed on fish grouped by capture location, 
significant results are depicted in Table 20. The results showed that samples collected at 
location # 2  had significantly greater mercury concentrations than samples collected at 
locations #1, #3, and #4, and that samples collected at location #5 had significantly 
greater mercury concentrations than did samples collected at location # 1 .
The largest differences in values for pH are between location #4 and location #1 
(with location #4 having a higher value), and location #4 and location #3 (with location 
#4 having a larger value).
The largest differences in values for temperature were between location #4 and 
location #2 (with location #4 having a larger value), and location #4 and location #1 (with 
location #4 having a larger value).
The largest differences in values for conductivity were between location #4 and 
location #2 (with location #4 having a larger value), and location #4 and location #5 (with 
location #4 having a larger value.
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Figure 13: Lake Siskiwit Survey Map Showing Approximate Locations of Organisim Sample Collections
Table 20: Results of Nemenyi Tests on Total Hg Concentrations (ppm) in Fish Groups by 
Sample Collection Area, Critical q, p=o.o5 ,k = 7 = 3.038; significant results shown
Comparison Conclusion
2 v 1 5.168 Location #2 Hg concentration 
greater than location #1 Hg 
concentration
2 v 3 3.476 Location #2 Hg concentration 
greater than location #3 Hg 
concentration
2 v 4 3.046 Location #2 Hg concentration 
greater than location #4 Hg 
concentration
5 V 1 5.717 Location #5 Hg concentration 
greater than location #1 Hg 
concentration
Table 21 : Comparison of Water Quality Characteristics for Locations Close to Sampling 
Locations Determined to be Significantly Different in the Nemenyi Post Hoc Test
Sample
Location
Closest 
WQ Data 
Location
Dissolved 
Oxygen 
(Pg/l)
pH Temperature Conductivity 
(°C) (pS/cm)
2 C12 7.56 6.18 23.6 24.9
1 C ll 8.25 6 . 1 2 23.7 25.2
3 D1 7.70 6.14 24.4 25.2
4 C4 8.31 6.33 24.8 25.5
5 B ll 8.18 6.28 23.6 24.9
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CHAPTER 6
CONCLUSIONS 
Lake Characteristics 
The importance o f the finding that Lake Siskiwit functions as one large system 
instead of several small systems is that samples taken from Lake Siskiwit are 
pseudoreplicates, since they were all actually taken from an essentially one uniform body 
of water (Hulbert,1984; Heffner, Butler, & Reilly, 1996). Because o f this finding, it was 
assumed that samples collected from Lake Siskiwit were not independent. Sampling 
independence is an assumption of many statistical tests (such as ANOVA). Since the 
samples in this study were found to not be spatially independent, the range of appropriate 
statistical tests was much more limited.
Invertebrates
The method of analyzing invertebrate samples whole was shown to be an 
effective method for analyzing total mercury, as levels of mercury were detected in all 
samples analyzed. Rask et al. (1994) detected mercury levels between 0.1 and 0.2 ppm 
(dw) in ephemeropterans and trichopterans. The Amphipoda and Trichoptera 
(Philopotamidae) both exhibited mercury concentrations at or near the levels observed by 
Rask et al. (1994). Both sample groups contain only one organism, so further sample 
collection and analysis would need to be performed to lend confidence to mercury
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concentrations detected within these populations at Lake Siskiwit. Mercury was detected 
in all other invertebrates tested at lesser levels than those observed by Rask et al. (1994).
One reason for this could be that the mercury analysis in the Rask et al. (1994) 
study was performed on dry samples. For this study wet samples were analyzed in order 
to more closely simulate natural conditions of aquatic organisms feeding within the 
aquatic food chain. In wet samples, a portion of the measured weight o f the sample is 
water. Since the majority o f mercury exists within organisms (lipophilic), an increased 
amount of water mass (mg) within a sample being analyzed (as in wet weight sample 
analysis), would lower the overall mercury concentration within the sample.
It is expected that a positive correlation would exist in organisms between total 
mercury (ng) and total mass (mg). An inverse correlation between total mercury 
concentration (ppm) and total mass (mg), as demonstrated in Perea flavescens in this 
study, is very unusual (shown in trimmed means of data, scatterplots of all data is 
included in Figure 5 and Figure 8 ). The latter finding does not support the concept of 
bioaccumulation within the food chain and is not conventionally supported in the 
literature. One possible explanation for the result may be that the 15 individual 
Ephemeroptera (Ephemeridae) that were sampled were all around the larval stage. At the 
larval stage Ephemeroptera (Ephemeridae) live within the lake bottom sediments, the site 
of mercury méthylation (Vonk & Sijpesteijn, 1973), which may cause them to be exposed 
to unusually high levels of mercury considering their place in the food chain. In the 
larval state, most of the Ephemeroptera (Ephemeridae) will vary little in mass (mg), a 
component in the equation for determining mercury concentrations (ppm). A sample 
group with little variability in mass (mg) and greater variability in total mercury (ng) may
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have given a result o f an inverse correlation between total mercury concentration (ppm) 
and mass (mg).
Same-Species Fish
The results of this study show a significant inverse relationship for Perea 
flaveseens total length (mm) and mass (mg) with total mercury concentration (ppm), 
based on a 5 % trimmed mean analysis to remove outliers. This is exactly opposite from 
my hypothesis, that was based on previous literature. There are several possible reasons 
that this may be occurring. One possible reason is the uptake o f mercury through the skin 
and across the gills (termed bioconcentration), this method of uptake is particularly 
important in young fish because o f the large surface area to body (mass) ratio (Hayton, & 
Barron, 1990).
All Perea flaveseens collected for this study were juveniles (Table 10). Juvenile 
Perea flaveseens are often prey items for other species o f fish as noted by Liao et al. 
(2002). This characteristic indicates that juvenile Perea flaveseens most likely exhibit 
hiding behavior, burrowing into the surface o f the sediments and hiding near the 
shoreline in vegetation in the shallow water. Since mercury is methylated at the 
water/sediment interface, this may lead to juvenile Perea flaveseens getting an elevated 
dose of methylmercury at a time when they are particularly vulnerable (large surface area 
to body ratio) to uptake o f mercury through the skin.
Juvenile fish also experience high rates o f growth, indicating a high metabolism 
rate. Rapid growth rates also indicate a rapid cell division rate. Sulfur is present within 
living organisms and is a component of some of the proteins essential for growth.
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Mercury has an affinity for sulfur and could be binding the increased levels o f sulfur 
being produced by high growth rates and rapid cell division that is characteristic of 
juvenile organisms.
Decreased total mercury concentrations (ppm) as total length (mm) and total mass 
(mg) increase could be a function o f the condition factor (K Factor) of the Perea 
flaveseens that were sampled (Fulton, 1902). The K Factor is used to quantify the 
condition o f fish (Fulton, 1902). If the Perea flaveseens sampled in this study exhibited a 
low K-actor, it could explain the unusual inverse relationship being observed (Cizdziel et 
al., 2 0 0 2 ).
Bioaccumulation/Biomagnification in the Food Chain
The only predatory invertebrates collected for this study was Odonata, all other 
species were detritivore/herbivore. Based on the concept o f biomagnification, it would 
be expected that the two varieties of Odonata would have higher concentrations than the 
other invertebrate species. The invertebrate mean mercury concentrations do not follow a 
pattern similar to that expected based on their feeding habits and the existing literature 
(Hayton & Barron, 1990, Hall et al., 1997, Rask et al, 1994, Kamman et al., 2005, Watras 
et al., 1994).
Perea flaveseens is the only piscivorous fish of the fish collected. Lepomis 
gibbosus and Lepomis maeroehirus are both predatory (gastropods and zooplankton), and 
the Catostomus eommersoni is a detritivores/herbivore. Based on the concept of 
biomagnification, it would be expected that Perea flaveseens would have the highest 
mean mercury concentrations, with Lepomis gibbosus and Lepomis maeroehirus
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following, and Catostomus eommersoni having the lowest mean mercury concentrations. 
The fish mean mercury concentrations follow a similar pattern to that expected based on 
their feeding habits.
Analysis performed show a significant difference between invertebrate mercury 
concentrations (ppm) and fish mercury concentrations (ppm). It indicated that Perea 
flaveseens had significantly higher mercury concentrations than most of the invertebrates 
and one of the fish. Since Perea flaveseens is a predatory fish, and is highest on the food 
chain of the organisms sampled, this finding supports the concept o f mercury 
biomagnifying in the aquatic food chain.
This is an important finding since, diet dynamics for walleye, as described in Liao 
et al. (2002), showed that Perea flaveseens usually dominates the walleye diet (Table 1). 
Since Perea flaveseens is such a major component o f the walleye diet it has the potential 
to be a key dietary contributor of methylmercury to the high levels found in the walleye 
at Lake Siskiwit, and should be examined further.
According to the diet dynamics observed by Liao et al. (2002) for Perea 
flaveseens (Table 2), amphipoda was the most important dietary item. Only one 
amphipoda sample was collected during this study, the mercury concentrations well 
exceeded the mercury concentrations o f all other invertebrates sampled, 0.153 ppm 
(Table 7). However, increased sample sizes are needed to confirm this finding.
Walleve Dietary Analvtical Mercury Concentration Model
For the walleye analytical model, all taxon groups included had mean mercury 
concentrations (ppm) that were lower than expected in the study result than in the
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estimate o f the expected contribution. There could be many reasons for the differences, 
one possible reason is that there was no mean mercury concentration data for black 
bullhead (2.7%) or diptera (14%) accounting for approximately 16.7% of the estimated 
dietary importance. Another possible reason is that the mean % dietary importance, as 
presented by Liao et al. (2002) only accounted for 94.1% of the total dietary importance, 
leaving approximately 5.9% of the diet unexplained.
Liao et al. (2002) identified yellow perch as having a mean dietary importance for 
walleye of 59.9%. Since the yellow perch composes such a large part of the walleye diet 
and is a predatory fish, thereby having a high potential for biomagnification o f mercury, 
an analytical model has also been included for yellow perch
For perch, the mean mercury concentration o f Amphipoda is higher in the study 
group than in the expected group. However, there was only one individual sampled so the 
confidence is very low. For all other taxon groups included, mean mercury concentrations 
(ppm) were lower in the compared to the estimates o f their expected contribution. One 
possible reason is that there was no mean mercury concentration data for Johnny darter 
(2.3%), decapoda (10.9%), diptera (12.7%), or hemiptera (5.6%), accounting for 
approximately 31.5% of the total dietary importance. Another possible reason is that the 
mean % dietary importance, as presented by Liao et al. (2002) accounted for 99.2% of the 
total dietary importance, leaving approximately 0 .8 % of the diet unexplained.
The area of invertebrate mercury concentrations and dietary mercury 
contributions has not received a lot of attention within the research community to date, so 
there is not an abundance of literature to compare these results with. It is an area of 
research that could prove to be useful quantifying mercury concentrations in predatory
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sport fishes. Particularly important are the links between the mercury concentrations in 
invertebrate species and sport fish (such as walleye). Invertebrates are easily sampled 
and are no currently regulated by the State o f Wisconsin (requiring no permits for 
sampling).
A challenge and consideration for this method of researching mercury 
concentrations in invertebrates to determine/prediet mercury concentrations higher in the 
food ehain are some invertebrate life cycle eharacteristics related to seasonality. 
Seasonality can affect water quality characteristics, including all o f those assessed in this 
study (pH, temperature, DO, conductivity). Invertebrate life cyeles are particularly 
sensitive to changes in these water quality charaeteristies. When the conditions are 
fitting, a particular species o f invertebrate may produce an abundanee of individuals, and 
during less suitable conditions may not produce any individuals (r-strategist). These 
charaeteristies allow for the species to be more successful in the long-term. However, 
these charaeteristies also have major impacts on prey species abundanee from year to 
year, and tend to create high variability in invertebrate composition of the diets of fish 
species. Fish are opportunistie feeders and tend to eat the prey species that are most 
available. This challenge could be minimized through long-term studies (since this type 
o f population variability would be reduced as time studied increased).
Mercury Concentration Relationship to Location
There was no significant difference in mercury concentrations of invertebrates 
based on the location where they were collected; however there was a significant 
difference between the mercury concentrations in fish groups based on location. These
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results are being discussed, however, analysis performed as part o f this study indicated 
that samples are not spatially independent and should therefore he considered 
pseudoreplicates. An examination o f the water quality characteristic measurements taken 
at locations that were in close proximity to the sampling locations, are not conclusive in 
showing any link to mercury concentrations o f organisms. This could be due to the 
uniformity o f the lake, as it was earlier established to be one larger system. There is also 
a high potential for error in these measurements, since they were not taken exactly at each 
of the sampling locations and were taken a day prior to the collection o f fish. The 
measurements being used may not be reflective o f actual parameters, including depth 
(which can impact many of these water quality characteristics).
Some o f the differences observed could be due to changes in pH within the lake. 
Very small changes in pH levels can greatly impact the availability o f methylmercury for 
uptake hy aquatic organisms (Wren & McCrimmon, 1983, Haines et al., 1994).
Summarv
The motivation for this project was the gap in the literature for mercury 
concentrations at the aquatic food chain level for walleye at Lake Siskiwit, Wisconsin, 
USA. Improving the body of knowledge at this level could contribute to human health 
benefits for the Ojibwe population that consume walleye caught at this location, as well 
as others, despite the known high levels of mercury in walleye at the lake.
This study provides insights into the relationships between dietary items for 
walleye and their mercury concentrations. It also provides information about water 
quality characteristics at Lake Siskiwit and their relationship with the organisms that
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inhabit the lake. This study identified levels o f mercury in invertebrates known to be 
components o f both the walleye and yellow perch (a component o f the diet for walleye) 
diets. It also demonstrated that whole analysis o f invertebrate samples was effeetive for 
detection of mercury concentrations in the samples. This study also showed that yellow 
perch, the top predator o f the species analyzed had higher mercury concentrations than 
many of the other speeies analyzed, which is consistent with literature on 
bioaccumulation within the food ehain.
An important finding of this study was the identification o f an inverse relationship 
between mercury concentrations (ppm) with total mass (mg) and total length (mm) for 
juvenile Perea flaveseens. This relationship is ineonsistent with findings demonstrated in 
the literature to date.
The analytical model developed to assess mean mercury contributions resulting 
from the diet items of walleye and yellow perch found that Amphipoda have the potential 
to play a key role in the food chain of these two species.
Recommendations for Future Research 
Additional research focused on invertebrate species at Lake Siskiwit is 
recommended. The invertebrate sampled for this study had detectable concentrations of 
mercury, though many o f the species had small sample sizes so it is difficult to know if 
the results actually represent the populations. Speeifically, Amphipoda show a large 
potential to impact the mean mercury concentrations of yellow perch and walleye 
(through the consumption of yellow perch). Collection o f these invertebrates at various 
life stages, long-term (monthly for > 2 years), and in robust numbers (>50 individuals).
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would be beneficial for getting an aceurate assessment o f mercury concentrations in these 
species, in the food chain of Lake Siskiwit, and for reducing uncertainties produced by 
seasonal variations.
There are also several organisms that were not sampled during collection (leeches, 
crayfish, true flies, black bullhead, water boatmen, and Johrmy darters). These organisms 
could prove to be invaluable in determining contributions o f mean mercury 
concentrations in both yellow perch and walleye. Efforts to should be made in future 
studies to sample these organisms (robust numbers, > 50  individuals) to discern the mean 
mercury concentrations, the concentrations should be included to make the analytical 
model more complete. This information could represent a complete diet.
It is also recommended that fish species be sampled in robust numbers (>50 
samples) from all stages of their life cycle. This would provide information about the 
mercury concentrations o f a speeies at various stages throughout their life. It would also 
provide the whole-life mercury concentration pieture and hopefully better identify the 
inverse relationship identified in juvenile Perea flaveseens between mercury 
concentration (ppm) and both total mass (mg) and total length (mm).
Also recommended is a comprehensive dietary study, specific to Lake Siskiwit, 
for walleye and yellow pereh. The Liao et al. (2002) study was useful however, a study 
at Lake Siskiwit would more accurately depict the dietary habits for these species at the 
subject lake. The study design identified in Liao et al. (2002) could be replicated at Lake 
Siskiwit, with the inelusion o f a winter sampling period. The sample eollection periods 
could be coordinated with fishing/ spear-fishing seasons. Results o f the proposed study 
would inelude the identifieation of prey taxon and availability, seasonal variations in
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dietary preferences (thereby gaining information about the speeifically life eycles of 
invertebrate species at the lake), and any other eharaeteristies that may be unique to Lake 
Siskiwit. It would be useful for further research efforts in the areas o f bioaccumulation/ 
biomagnification. It would also provide site speeifie dietary information for use with the 
analytical model suggested in this study.
Modifications to the analytical model for estimating mean mereury contributions 
of prey species for walleye and yellow perch, as additional relevant information becomes 
available, is also recommended. A more comprehensive model would most likely focus 
on the total mercury (ng) in prey organisms. Additional information desired for 
assimilation into updated analytical model, may include information regarding the 
pereentage of mercury absorbed from consumption of food, the pereentage of mercury 
metabolized over time, percentage o f mercury released/ reabsorbed during starvation 
periods, average amounts of specific prey consumed by season, growth rates o f predatory 
speeies during all life stages, and K Factors o f fish in Lake Siskiwit.
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WISCONSIN 
DEPT. OF NATURAL RESOURCES
S ta te  of W isconsin \ DEPARTMENT OF NATURAL RESOURCES
J i m  D o y l e ,  G o v e r n o r
S c o t t  H a s s e t t ,  S e c r e t a r y
J o h n  G o z d z l a i s k i ,  R e g i o n a l  D i r e c t o r
N o r t h e r n  R e g i o n  H e a d q u a r t e r s  
1 0 7 S u t l i f f  A v e .  
R h i n e l a n d e r ,  W i s c o n s i n  5 4 5 0 1 - 3 3 4 9  
T e l e p h o n e  7 1 5 - 3 6 5 - 8 9 0 0  
F A X  7 1 5 - 3 6 5 - 8 9 3 2  
T T Y  A c c e s s  v i a  r e l a y  -  7 1 1
July 20. 2004
Shawn Gerstenberger 
Univ o f Nevada - Las Vegas 
4505 Maryland Pkwy., Mail Stop 3063 
Las Vegas, NV 89154
Dear Shawn;
The enclosed pennit (SCP-NOR-282-0704) authorizes the holder to collect the designated species in the 
manner described. The expiration date is December 31,2004.
Please take special note of the provisions outlined in the attached Scientific Collectors Permit 
Policy. Remember to make the appropriate contacts of both fish biologist and warden in DNR field 
offîces at least 48 hours prior to conducting collection activities. A. contact sheet is provided.
Also not that 1 added while Sucker to the list of fish species to collect as in Siskiwit they are likely a 
siguificuut diet item for walleye. In addition, I put maximum length limitations on the paiifish 
species since individuals larger than those siztô are most desirable to anglers and are likely larger 
than could be eaten by all but the largest walleyes If even then.
This permit does not apply to endangered or threatened species. Permits for work on such species are 
issued by the Bureau o f ̂ dangered Resources, WDNR, PO Box 7921, Madison, W I53707.
Sincerely,
 —
Steve AveLallemant
Northern Region Hsheries Specialist
Ph: 715-365-8987
Email: Steve.Avelalleniaut@dnr.state.wi.us
in.gov
Quality Natural R e s tâ te s  Management 
Through Excellent Ga^omer Service
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S t a t e  o f  W i s c o n s i n
Department of Natural Resources
N o t i c e :  U s e o f W i s f ( ^ i s r e q u i r e c l ^ t N t t e p a r t m e n t f o a f ^ y i o r a  
s c i e n t i R c  c o l ië ç À o rs  p e W i t  o r  œ s œ r c A  l i c e n s e  p u r s u a n t  t o  s s .  2 9 . 6 1 4  
■ an d  1 6 9 . 2 5 , ; w f e . S t e t s .  P e r s c « a l i y  k t i ^ M i a b l e  i r i p i f n a ^ n  p r o v i d e d  
r n à y  b é  u s e d  t o  d e t e r m i n e  l d ^ %  d f  p e r t i c i p a t t o n l n
tm tu r a i  r e s o u r c e s  s u r v e y s ,  e l ig ib i l i ty  t o r  a p p r o y é i s  à n d  ô r t  
p u r p o s e s ;  i n f b r m à t i ç ^  vvlïl t e  m a d e  a c c ^ i b t e  t o  
t o  W j s o ^ l o ' s  o p a i  j e c O ^ ^  s S i  I ^ Æ l  t o  1 9 . 3 9 ,  ^ t s .  À  s o c i a l
s e c u r i t y  n u m b e r  o r  f e d W a l  e r r i p l o y e r  l d e n t i f j c a H c n  r t u m b e r  I s  
R E Q U I R ^  a p p l y i n g  f o r  I l C i ^ e s  a c c b i d i n g  t o  s s .  1 6 9  3 4  a n d
1 6 9 .3 5 ,  :W f s .  S t a t s . ,  b u t  it m a y  n o t t w  d i s d o s e d  b y  t h e  d e p a r b n e n t  W  
a n y o n e  e x c e p t  t h é  D e p a i t r n e n t s  o f  W o r k f o r c e  D e v e l o p m e n t  a r t d  
R é v e n u e .
Scientific Collectors Permit or R esearch License 
Application and Authorization
Form 9400-379 (R 3/04) ; P a g e  1 o f  3
Check the one that applies;
X S c i e n t i f i c  C o l l e c t o r s  P e r m i t  F e e :  $ 0
( U s e d  v ^ e n  c o i l e c t k i g  l iv e  6 s h  a n d  i i e S t s  o r  t h e  c a r c a s s e s  o f  v n td  
a n i m a l s )
O  S c i e n t i f i c  R e s e a r c h  L i c e n s e  F e e :  $ 2 5 . 0 0
+$20 ÙOfaté fee if application after license expiration dàtê. 
( U s e d  w h e n  p o s s e s s i n g , m a r k i n g ,  o r  h a r> d l in g  l i v e  v riid  
a n i m a l s  f o r  r e s e a r c h  p u r p o s e s ) .
S h a w n
L a s t  N a m e :  
G e r e t e n b e r g e r
IM t: - |L
V ^ e n c y  o r - O r ^ t f i i z a t k i h  
U n i v e r s i t y  ^  N e v a d a .  L a s  V e ^ s
S t r e e t  o r  R o u t e
4 5 0 5  M a r y l a n d  P a r k w a y  : M a i i S t o p 3 0 6 3
C ity  - 
L a s  V e g a s
S t a t e
N V
Z i p  c o d e  [ D a t e  o f  B ir th  
8 9 1 5 4  | 0 S / 0 7 / 1 ^
C W o r E y e s
B l u e
C o l o r  H a i r  
B r o w n
W ^ h t  
1 8 0  l b s .
H e r m i t
0 6 'p i "
S e x
(3 M e t e  O  F e r n a l e
F e d e r a l  P à m i t  N o .  (if  a n y ) D a t e  F e d e r a l  P e r m i t  E x p i r e s E -fy te il  A d d r e s s  
s g é r e t e n # e a n a H . n e \ ^ d a . e d u
C u r r e n t  U c e n s W  P é r im it  N o .  (if r e n e w a l )  D N R  C u s t c m t ^  ID  N o .
D a y N r r e  T e l e p h o n e  N u m b e r  
7 0 2 - 8 9 5 - 1 5 6 5
A l t e r n a t e  T ^ e p h o n e  N u m t w r  
7 0 2 - 8 9 5 - 1 2 5 0
S o c i a l  S e c u r i t y  N u m b e r / F e d e r a l  E m p l o y e r  ld « n tif ic a tk M n  N o - 
3 9 4 - 9 2 - 8 3 7 1  ;
W e r e  y o u  a t a n y  # h e  d u r i p g  t h e  p ^ t  y e a r  ç o n x r ic té d  o f  ^ y  v W e t i o n  ç ÿ  d n é  A s h  o r  g a m e  law %  o f  W i s c o n s i n ?  O  Y e s  O  N o
S c iO T lifiC  Q u a l i f K ^ f io r r S  o f  J ^ p j i c a r t  ( é x p te i ln )  
P h .D  T o x i c o l o g y ,  1 0  Y s i
S p ^ e S i  A ^  o r S u é  C l a ^ ’ k a iY lfN p riT O e r o t : S p e « r n p r > S i c r  p e s c ^ p ^
B ia d <  B u i i h é a d . 6 l a ( * G i ^ p i e f 7 " n ^ ) ,  B i u e g a i ( 7 Y n a x  ( 7 " r h a ] d ^ Ÿ é i i o w f ^ ^ ( 9 Y h a x ) - i 0 0 i r i d W ü à i 5  e a c ^
C e n t r a l  m u d m ir w io w ,  C o m m o n  S h k i e r ,  C r e e k  F a t h ^ d  M in n ip w . d o h r m y  D a r t e r ,  C l a c k r t o s e  D è c é ;  B i a c k n o s e  S h i n e r .  B r a s s y  M m n o w ,  B r o o k  
S t i c i d ^ c k ,  L o h g h o s é i D æ é -  ^  W i y i d u a l s  e a c h  
W h R e S u c k e r ( 1 2 * m a x ) - l O O I n d i v U u a t e  
A q u a t i c  i n v e r t e W a t e s  -  * * S e e  A W c h e d  D e s c n p t k ^
* F o r  g a m e  f i s h  a n d  p a h  f i s h  s p e c i f  l i s t  v o u n g - d f - y e a r  s e p a r à t ^ v  f r o m  l a r g e r  l e n g t h  r a n g e
P u r p o s e  o f  G o l l e c t i h g  o r  P c e s e s s l o n  
R e s e a r c h  i e a d i r ^  t o  d e y e l o p m e n t i o f  à  p r e d i o Q v e  r n o d e l  f o r  
a c c u m u l a t i o n  o f  r n e r c u r y  i n  w a l l e y e  tte S iS d  o h  d l e t a ^  c o r h p ü p ê n t s
M e t h o d ( s )  o f  C o H e c t ln g  ( f o r  C h e m i c a l  i m m o b i l i z a t i o n ,  L i s t  A g e n t ( s ) )  
G e a r  t o  b é  u s e d -  s e i n e s ;  m l n r i o w  a n d  c r a y f i s h  t r a p s ,  d r e d g e ,  t h r o w  n ^  
E u t h a n a s i a  U s i r ^  1 0 %  M S 2 2 2
L o c a t i f  o f  C d l t e c t k i g  w P r t e s e s s i o n  S i t e ( s )  - -  C o u n t y  a i l  s i t e s ;  w a t e r s  f o r  a q u a t i c  c o l l e c t i o n s  a n d  c iv il  t o w n s h p  
f o r  a l l  o t h e r s
B a v f le ld  C o u n t v .  S i s k i n  t^ a k e .  T .  5 0  N . .  R : 6 W „  S e c .  2 0 , 2 1
C c r f le c t io n  o r  P o s s e s s i o n  P e r i o d  
0 7 / 0 1 / 2 0 0 4 - 0 7 / 0 1 / 2 0 0 6
W ill S t a t e  N a t u r a l  A r e a s  B e  U s e d ?  
□  Y e s  X N o
If Y é s ,  L isa A r e te f s ) N a t u r a l  P e r m i t  A p p l i e d  F o r ?
Q Y œ  D N o
U N L V , D e p t ,  o f  É n v i r ô r w n é n la i  S t u d i e s .  B l d g .  M P E  R r h .  2 2 4  : : I n c i n e r a t e d
T h e  p e m i i t t e e / i i c e n s e e  IS r e s p o n s i W e  f o r  a r t t o n s  o f  a g e n t s  u n d e r  t h e  s itprscWifKri a r c h  l i c e n s e .  E a c h  a g e n t  s h a l l  c o m p l y
A g e n t  n a m e  
B e t h  D o m o w l c z
l A g e n t N a m e  
| T h o m a s  G e r s t e n b e r g e r
A g e n t  N a m e
/ ^ e n t  n a m e l A g e n t N a m e A g e r i t  N a m e
I c e r t i f y  t e a t  t h e  in f o r m a t i o n  p r o v i d e d  o n  t h i s  a p p l i c a t i o n  i s  t r u e  a n d  c o r r e c t . a n d  t h a t  1 wJil c o m f ^ y  v n t h  t h e  t e r m s  a n d  c o n d i t i o n s  o f  t h i s  p e i m i t  o r  l i c e n s e ,  
in c l u d i n g  s p e d a l  r e s t r i c t i o n s .  ! u n d e r s t a n d  t h a t  p r o v i d i n g  m c o r r e c t  in f o r m a t i o n  m a y  r e s u l t  in  r e v o c a t i o n  o f  m y  p e r m i t  o r  l i c e n s e  a n d  p o s s i b l e  c  
A p p l i c a r r t ' s i g n a t u r e  . I  D a t e  S i g n e d  f l f  A p p l f c a n t i e s s  t h a r i t S  Y e a r s o f  A g e ,  S i g n a t u r e o f  P a r e n t o r  { D a t e  S ir
07L »4
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Collection Information
FISH
SPECIES COMMON NAME AGE or SIZE 
CLASS
NUMBER TO BE 
COLLECTED
Ictalurus spy Black Bullhead Juvenile 100
Fpmox^higroinaculqius BlackCrappie All (7"max.) too
Lepomis macr<Khirüs Bluegill All (7" maxi) m
Umbra Umi Central Mudminnow All 200
Notropis cornutus Gbmïiaon Sbiner All 200
Semotilus dM om a^iatus Creek Chub All 200
Piniphalespromelas Fathead Minnow All 200
Etheostoma niftrum Johnny Darter All 200
Rhihicbthvs aîratulüs Biacknose Dace All 200
Notropis heterolepis Biacknose ShiriCT All 200 :
Pimphalesnotatus BJuntnose Minnow All 200
Hyhofinathus harUcinsoni I Brassy Minnow All 200
Culaea inconstans. Brook Stickleback All 200
Rhinichthys caiaractae Lon^noseDace All 200
lÀpomîs^ibbosus Pumpkinsced All (7” max) 200
Perea flavescms ^ Yellow Perch All (9" max) 100
INVERTEBRATES
SPECIES COMMON NAME AGE o r SIZE 
CLASS
NUMBER TO BE 
COLLECTED
: Amphipoda Scuds All 1000
Annelida , Worms All 500
ColeoptCTB Beetles All : ■-■■■■ 500
Decapoda Crayfish All 300
Diptcra Tme Flies All 1000
. Épheineroptéra Mayflies All 1000
Gastropoda Snails All 500
Hemiptera Water Boatmen All 500
Himdinea - Leeches All 1000
Hvmenoptera Wasps All 300
Lepidoptera Modi All 300
Megaloptera Hellgrammitcs All 500
Nematoda Roundworms All 500
Ncmalomorpha Horsehair Worms All 500
Neuroptera Spongillaflies All 500
Ggpnata Dragonflies/Damselflies All 1000
Orthoptera Grasshopper All 300
Plecoplera Stoneflies All 500
Trichoptera Caddisflies All 1000
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F d r m 9 4 0 0 - 3 7 9  ( H 0 3 A ) 4 )  P a g e 2 o f 3
S e c t i o n  2 9 . 6 1 4 ,  W i s . .  S t a t s . ,  S c i e n t i f i c  C o l l e c t o r  P e r m i t
( 1 )  A p p l i c a t i o n  fo r  a  s c i e n t i f i c  c o l l e c t o r  p e n n i t  s h a l l  b e  s u b m i A e d  t o  
è i e  d e p a r t m e n t ;  T h e  d e p a r t m e n t m a y  I s s u e a  s c i e n M G  c o l t e c t o r  p e r m i t  
*  d e | % i ^ e n t  d e t e i m i n C s  t t #  t h e  a p ^ k à m  i s  a  n a t u r a l  p e r s r t e  a n d  
f e  e n ^ g e d  i n  a  b o n a  t i d e  p r o g r a m  leew iin g  t o  i r t c r e a s e d ,  u s e f u l  /
. s c i e n t i f i c  k n tw v le d g e .
; ( 2 )  A  s c i e r r t f f i c c t ^ l e c t o r  p e r m i t  s h a l l  s t a t e  t f i e n m n e  a n d  a d d r e s e o f  
t h e  p e r m i t t e e ,  t h e  d a t e  c 4  I s s u a n c e ,  t h e  f M i r p o s e s f o r i t  I s  i s s u e d ;  
t h e  t y p e ,  s p e c i e s  a n d  a u m b e r  crf-S p ecB T ie n s  a u t h o r i z e d  t o  b e  c o l l e c t e d  
O f s a l v a g e d ,  t h e  a r e a  a r k i i p e n d d :  o f  t im  in  w h i c h  A e  s p ^ l r r i e n s  m a y  
b e  c o l l e c t e d  o r  s a l v a g e d ,  t h e  p l a c e  v d i e r e  t h e  s p e c i m e n s m a y  b e  k e p t  
a n d p t ^ r  a ^ K i p h s  a n d  A
s c ie n t i f i c  c o l l e c t o r  p e i m k i s  n o t t r a n s f e r a W e ;
( 3 )  A s d ^ i f i c  c o l l e c t o r  p e rm H  a u t h o r i z e s  t o e  p e r m i t t e e  t o  c o l l e c t  o r  
s a l v a g e l r o m  t o e  wÆd. fcw’a d e n t lT ic  p u r p o s e s  o n t y ,  l i v e  f i s h  a n d  t t r e  
n é ^  a r i d  C a r c a s s e s  o f  a n y  w ild  a n i m a l s  s p e c k l e d  In  t h e  p e n n i t  s u t ^ e c t  
t o  tt> e  c o n d i t i o n s  a n d  lim rta tio m s  s p e c i f i e d  rn  t h e  p e r m i t  a n d  r W %  o f  t t i e  
; d e p a r t m e n t  T T fe  p e r m i t t e e  m a y  t o e  s p e c i m a r i s  t h e  s c i e n t i f i c
p u r p o s e s  f o r  w h ic h  c o l l e c t e d  o r  s a K ^ g e d ^ m d  m a y  t r a n s p o r t  t h ^  o r  
c a u s e  th e m - t o  t »  t r a r » p o r l e d  b y  c o m m o n  c a r r i e r .
P o s s e s s i o n  o f  th e & 8  s p e c i m e n s  m a y  n o t  b e  t r a n s f e r r e d  t o  a n y  o t o ^  : : 
p e r s o n ,  e x c ^  t o a t  t h œ e  ^ > e c f r i j e n s  m a y  b e  e x c h a n g e d  f o r  o t o e r  
s p é c i m e n & f o f  s d e n t i f i c  p a j m o s e s -  A  s d m t t f i c  c o l l e c t o r  p e r r r o t  m a y  
a u t h o n z e  t h e  u s e o f  n e t  g u n s  a n d  t r a n q u i l i z e r  g w i s  f o r  a c t i v i t i e s  r e l a t e d  
t o  t o e  p u r p o s e  fo r  w h i c h  t h e  p e r m t t  i s  B s u e d  ( n o t  s u r e  n e e d e d  f o r  l iv e  
f i s h  w  d e a d  a n # n W s - J A B ) .  A n y  p a s m  w h o  i s  c o n v i c t o d o f  v to la to tg  
t o l s  c h a p t « ’s h a i l f o r f e t t  t o e p e t ^ ' s  p e r r n f t a ^  
r e v o k e d ,  i n  a *  d f i w p e r i W é s .  A ^ f t e i s o h  s o  c o n v i c t e d  w
n o t  e l ig ib le  fcff a  p e r m i t  u n d e r  t h i s  é é t Æ d o  f o r  y e a r  f o l k ^ ^  
c o r r v i ^ o n ;
S e c t i o n  1 6 9 . 2 5 ,  W i s . ,  S t a t s . ,  S c i e n t i f i c  R e s e a r c h  L i c e n s e ;
(1 )  I s s u a n c e ,  ( a )  T h e  d e p a r t m e n t  s h a l l  I s s u e  a  s d e n t t f i c r e s e a R t o  
l l c e i s e  t o  a n y . p e r s o n  w h o  i s  e n g g ^ e d  i n a  s t u d y  o r  In  r e s e a r c h  t o a t t o e  
d ^ r f i n e n t  d e t e r m i n e s  vrifi l e a d  t o  H t e r e a s e d ,  . u s ^  s c i ^ t } f i c  
k r t o v W d g e  a  P fp f te f
a ^ i c ^ e  f e e .
(b )  T h e  d e p a r t m e n t  m a y  a l s o  r e q u i r e  t h e  p e r s w t  t o  s i t o m i t  w i t h  t h e  llĉ eaMilica&macopypfanyd̂^
p l ^  o r  r e s e a r c h  p i tÿ x ) S a l ,  2 ,  Â n  a p p r D v a l - i e c é i v e d  t i y  t h e  p e r s o n  
; t m d e r 9 C F R 2 . 3 1 .
(2 )  A u th d r iz a t io h .  A  s c ie n t f i i c  r e s e a r c h  J ic é r te é  A u t h o r i z e s  t h e  h d d e r  
0 f t h é l k > e n s e t o t a k é f i ^ t o é V ! f i i d , p 6 s s e s s ; ^ ^ W ^
s f t o c i e s b f  n a t i v e  v r i l d m i t o a l s t h a t t h e d e p a r f i n e n t  U n d e r
' t o e l i c ^ e ;  y
(3 )  S ç p p e # f k t e r i s e :  c o r i t W s .  A  s ( ^ t m c  r % e à i è h  l i c e n s e  
c o n t a i n  t o e  h o l d e r ' s  r i à m ë  a r i d  b d d r e % ,  t h e  # t e  Of W u a n W .  a n d  a l l  o f  
t h e  f o i t ô i ^ g  O O T d t t k ^  o r  l im i ta t io n s :  ( a )  T h e  s p e c i f i c  p u r p o s e s  f o r
' w h i C h l t  k  i s s u e d .  !
(b f  T h e  s p e c i e s  o f  w ild  a m n i a l s  a n d  t o e  n u m b e r  o f ^ c h  s p e c i e s  t o  
b e  s t u d i e d .
( c )  T b e  io c a f ic m s  f i W  w h e r e  t o e # M a n k n a ^  will
(d )  T b e  l o ^ t W s  a t  w h k t o d w  w À d a r i W ë l é  b e  k e p t  e n d  s t u d i e d .
( é )  T h e  p e r t o d s  o f  t i r n e  i n  w h ic h  w ild  a h i r f i a i s  t o a y  b e  s t o d i e d .
( 0  A n y  o t h e r  c o r d f i k i n s b f  l i rh i tà t iP n s  th a ^  d e p a r t m e n t  c o n s i d e r s
(4) Equipment A scientific research license may authtto'ze tfto use of 
net guns, trariqunizer g u n s ^ d  other equiprn^t or supplies for 
actorîüès related to scièrifific research or study.
: ( 5 )  T i t l e  t o ;  t r a n s f e r  a n d  d i s p o s a i  o f  w B d ^ i m ^ s .  ( a )  A  p e r s o n  
h e a d in g  a  s c ie n t i f i c  r e s e a r c h  l i c e n é e  m a y  n o t  t t a n s f e r  a n d  w ild  a n k n a l  
o r  i t s  c a r c a s s  h e l d  u r d ^  t o e  a u i h c k f ^  crf t o è i k ^ r è é  u f i l e s s  t o e  : 
p u r p o s e  o f  I h e j r a n s f e r  t e  t o  tradé^^ ^ k h a t e  f &  o t h e r  a n f r n a l s  f o r  
s c ie n t i f i c  r e s e a i ^  p r  c l a s s r t ^  d e m p n s t i a t i ô n è  a r id  t o e  t r a n s f e r  is  
s p e c f i f c a l ly  a u t h p r i z e d  b y  t h e  d e p a r t r r i e n t  a t  t h P  t ir r ie  o f  t o e  t r a n s f e r  
( b T A p é r é o h h W %  à  s c te r i t i fk )  r e s e a r c h  l i c e ^ e s h a H W
e  o f  a  liv te vwld a n i m a l  p i t e s e S S e d  U r d e r  t h e  a u ^  o f  t o e
te , o r i ly  t o  t h e  r r i a n n e r  s p e c t f i c ^ i y  a u t h w i z e d  t )y  t h e
{ ^ ^ u l B S i s i T h e  d e p a r b n e n t  m a y  p r o m u lg a te ;  n i i e s  t o  e 
a d p i E m a f  s t a n d a r d s ;  i s n r t a t t o n s ,  a n d  r e q u i r e m a r t s  r o r  s c ie n t i f i c
S e c t i o n  1 6 9 . 3 6 ,  W i s . ,  S t a t s . ,  R e c o r d - k e e p i n g  a n d  
r e p o r t i n g
( 5 )  S c ie n t i f i c  R e s e a r c h  L k » n s e i  E a c l i  p e r s o n  h i W t o g  a  is c ie n fif ib  
; r e s e a r c h  I t e é r i ^ s h a f i  k e e p  à  i ^ e c t  a r t o  ç p m p t o t e  r ë p o r d  o f  a f i  o f  
fo l lo w in g  to fo im a l ic to  f o r  è a c h  a n r r i a l :
( a )  T b e  d i s p o s i f i p h  o f  t o e  w ild  à t k n à l ,  i n c i t i n g  t h e  r t e t e  a n d  l o c a & m  
o f  ItB m l e : e e  i n to  t o e  v e l d  b r f i s  W r W e r  t o  t o ë  d é p a r # i E n t .
(b )  T h e  c a u s e  o f  d e a t o ,  if k n o v m ,  t o r  » w ^  a r # i a l  t o a t  d i e s .
N R  1 9 . 1 1  S c i e n t i f i c  c o l l e c t o r s  p e r m i t s  a n d  s c i e n t i f i c  
r e s e a r c h  l i c e n s e s .
: (T) D E F I N i r W ^ S .  Fw ttto purjxtees<rf toi|;tementing-ss;̂ .6^
1 6 9 . 2 5 ,  S t a t e . ,  a n d  w i to in  t h i s  s e c t i o n ,  t h e  f d t o w i i i g d e f i r i i t k m s  a p p l y :
W  T)ùa!tfiW(te^twal person" dr 'patepn ' t o e a ^  any tocfividua! ■ 
copY )^ to g v # s^2 9  6 1 4 , S W S . ,  andto issecfio^  W u d in g a  
cPrpdratfon, partri^h to , coppif^fiVèj SGCfety,ites<xHattGn or ptow 
' oigafwzatidn. 
p3) "Bctoàfidé r e ^ r ^  program" mearte plaitoed study and 
InvMtigatiori undertaken to dtecoref or. establWi facts W principles 
■ leadirig to to c^sed i; iteeful ScieiËfiç knowledgd.
( c )  " U s e f t ^  s c i e n t i f i c  k n p v d e d g e "  r n e a r t e  rT e w ih fo r im a t io n  c p r t t r to U t f r ^  ; 
t o t o e t d n g - t e m  w e l l - b e to g  o f w i l d  a n i r r i a te  e m d  t o e f r  h a W t a t s .  w  
p r o v t o t o g  e d i k t e t k t o a l  d p p o r t u r i i t f e s  to  t o e  n a h i r z ü  s c i e n c e s ;
# A P P L I C A B I L i T Y :
( a )  P e i m ^  n d t ^ U i ^ l  S c i e n t f i i c b c d l e c t o r s  p e r m # a r e  n p t r e q u  
;f< ^  t t t o  c p f i a c t e t o  o f  w B d  p l a ^ .  0^  t a k e n l e ^ y .
. : q r w ^ e i y m a i s ^ ^  i k t e r i ^  g a b e t o m t e  o r  f i s h  h a t c h
B i f d b a n d i r ^  S c lia r itlf ic  c o l l é c t o r s  p e r m i f e  '
b a ^ f i ^ a n d t t e r ^ n g p m t e c t d ^ ^  b i r d s .
( c )  l ^ e n s e s :  A  p e r e d r i  fe  r i o t  r e q u i r e d  to :  p o s s e s s  a  s e p ^ t é  h u n t i n g ,  
f is tw r ig  ( y  t r a f to to g  B c M s e  w N t e c o H e c f i n g  m d e r  a  s c f e n t i f i c p d l l e c t o f  . 
p e r m i t .
: #  E r ^ r i g e r e d  s p e r f i e s .  . E n d a n g e r e d  d r  t o r e a t e i t o d  v ^  é n to ta te ^  t o  :
: '  b e  c d l l e c t o d  W y  u n i t o r  a u t h d i #  o f
: i t o u é d  b y  t o e  d ^ r t m e h t p w t e u a r r t  t o  &  2 9 ; ^  S t a t e . ,  a n d  c h .  N R  2 7 .
;  ( e )  T a g ç t o S  o f  f t e h . , S c i e n t t o c  o î l l e c t d r s  p e m ^  a r e  ré q u ired ^^ to  
c a p t u r e  a  w ild  W r ,  a t t a c h  a  t a g  t o  a n y  p a r t  If, a n d  t h e n  t o  r e l e a s e  fi 
t t e c k  to t p . w à t ô r s  o f  t h e  s t a t e ,  -
(3 )  P E R M I T  A P p U C A T I O N S . '
( a )  F p r r n s .  A p p l i c a t i o n s  t o r  s c i e n t i f i c  c o f i e c t o r s  p e r m i t s  s h a l l  b e  m a d e  
c «  a f to f ic à t to n  t o r i n s p r o v t o e d  b y  t h e d e p a r t r n e n t  a r i d  t o d u d e :
1 .  N a n t o  a n d  a d d r e s s  o f  t o e  à p p l io à h t ;
2 .  A f4^ i c a n t ‘s  p e t o o r i a l  d e s c r iF r t lo n ;
3 .  P u r p o t o  o f  to ie  r ^ u e s t ;
4 .  S p e o e s  a n d  n u rn b iM .o f  s p é ^ ^ Æ  t o  b e  c o l l e c t e d ;
5 .  P la c t o s  a r i d  t e n e s  w to e n  s p e d r r i e n s  a t e  t o  b e  « j l l e c t e d ;
6 .  M e t h o d  o f  c o l le c t in g ;
7 .  P l a c e  w h e r e  c c J I e c f io n s  w 8 l b e  k e p t  a r i d
8 .  S u c h  a d d i t i o n a r t o f p r m a t t o n  a s  m a y  b e  r e q u e s t e d  b y  t o e  
d e p a r t m e n t .
9 .  T h e  p e r i o d  o f  t h e  p e r m i t
( b )  N a r r a t i v e  p r o p o s a i .  A il p e r m i t  a p p l i c a t t o r i s  s h a l l  b e  a c c o m p a n i e d  
b y  a  w r i t t e n  p ro p c te a l  s t a t t o g  t h e  o b j e c t i v e s ,  ju s t i f i c a t i o n s ,  p r o c é d u r e s .  - 
t i r r i e s  a n d  p l a c e s  o f  cc rfJec fio n , a p f r fk te f io n  o f  r e s u l t s  a n d  s p o n s o r ,  If 
a n y ,  o f  t h e  p r o j e c t  d e & z r ib e d  to  t o e  ^ p l k r a t l o n .
(4 )  P E R M I T  IS S U A N C E .
. ( a )  I s s u a n c e .  P e r m i t s  s h a l l  b e  i s s u e d  In  t h e  n e n e p f t o e  a f to lk r a n t .  A ll 
a g e n t e o f  t o e  p e r m i t t e e  a t o i s f i r i g  in  t o e  p e r r n t e e d  c o l l e t o i o n s  w ill b e  
l i s t e d  o n  t h e  p e r m i t .  S t r a t e  c o ^ e s  o f  p e r m i t s  s h a l l  b e  s i g n e d  a n d  
c a r r i e d  b y  e a c h  p e r s o n  n a m e d  ffv t h e  p e m r itt  w h e n  t o i a l  p e r s o n  i s  a c t i n g  
u n d e r  i t  i n  t h e  a b s e n c e  o f  t h e  p e r r n i t t e e '
iltw iK  b e  I s s u e d  f o r  c o l l e c t i i x t e  
ily  W h e n é u ù h  r n a t e r i e i s  a ^ e i o ;  
le r r te  a n d  t o e  p U b lic  h a v e  
t o  b e  k ^ t  In  a  m a r y i e r  r to l  o p e n  t o
n o t  b e  a p p r o v e d
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' (c) (tordWom. ,,,
1. ; IGpritente.T PUfiriitew cqhîato condKkms deemednecé̂  
t o e d e p a r t m e n t i o  i x o t e c t t h e  r e s o u r c e s  o f  t h e  s t a t e  arvc t a ^ u r e  u s e  o f  
s p e c i m e n s  t a k e n  a r e  wnajmfrfianGe With Si 29^614, S t a t s .
- :-2 .  ‘N c m r s s i d e n t s /  P e m i f t s i ^ u e d  t o i u x i r e s i d e n t s  w i l t s e t f o f t o
c o n d l t i o n s o f  f « n o v a l  < ^ s p e c i m e n s  f r o m  to ©  s t a t e ;
3 .  '  F e d e r a l  p e r m f t s , ’
a .  P e r m i t e  in v o W n g  t h e  c a p t u r e *  m a r k i n g ,  c o l le c lk > n ,  p o s s e % i a ]  o r  
s a J y â g ô  p r i P i g r a t o r y  binte o r  f ^ r te ;p e s t s ^ ^ ^ w  
n o t  b e I s s u e d  u n d e r  t h i s  s e c t i o n  w if i)  t o e  a p p l i c a n t  p o s s ^ s ^  a  p e n r iH  
I s s u e d  by t o e  U .S ^  f k h  a n d  W d l l f e  s a v l c e  t o r  t h a t  e c W t y . . :
, b .  - R e r m S s  u n d w t h f e s B G f i o n  a r e  n o t  r e q u i r e d  f o r  b a r w f i n s  o r  
m a r k i n g  c a p t w e - a n d r r ^ e a s e a c t o r A e s a u t o o r i z e d u r i d é r à  p e r m i t  
I s s u e d b y  t o e  Ü ; S .  f i s h a n d  w l ld H fe s e rv iœ v :
4. ' S i z e o f  o o l l e c l l o n s /  P e r m i t s  w R I n o t  b e  i s s u e d  w h i c h  a u t o w i z e  
c W ie c f io n s  e n d a n g e f t o g  t h e  p r ^ W a t i o n  rr i a n i m a l s  t o e  c o l l e c t i o n  w W d  
d i a w f r o m ^  o r  e x c e e d i n g  t h e  h t # b e r %  a m n i i g ^  r e q u i r e d  t o  m e e t  t o e  
p e r m R t e e t e  < A ^ e ^ e s .
5 ;  '  U h p o t e c ^  s p e d e s . '  P  wiÜ n o t  b e  i s s u e d  f o r  t o e  co M ecA o n  
of i k p t e c t é d s p è c i e s  if u n p r o t e c t e d  s p ë c l e s  é a r i  b e  ù è e d  t o  a c c m t o f i s h  
thesam epikposes:
L  ( 5 ) R E R M l t t l $ A 0 E . ;
(a) D l s p o s i f i o n o f  s p e c i m e m s .
i .  L i v ^  u r i i t o r r r t e d ' ^ f ^ k n e h s  O c Æ e c tè d  d u i ^
p e r m i t t e d  arW t^ s t ^ V b e i e t i t o i ^  ^  capture. '
unless o then^se  provided fri the peimlt.:; .
- 2 *  A r ^  endanger t o k e n  i to t o t o h t f o r i a l l y  during 
tf to  c o u r s e  o f  p e r m i t t e d  a c t l v R i #  s to a ù  I t o  i r n m e d i a f ^  r e l e a s e d  R  : 
u n b a n n e d .
3 .  l i ^ u r i W g r d é a d y W a r f i r r i f ü s p G C t o i e n s s I t o l l  W  t o r h e d
: : o v e r  t o  t o e  d e p a r t m w i t o m p l c y e e  r i M h e d  In  t h e  p e n m i t  u n l e s s  
o t h e r w i s e  p r o v i d e d  t o  toe p e r m i t .
fb )  N o f i f ic a tk to  o f  d e ^ r f t n e n i  E a i t o  p e i m l t t e ©  s h a B . n o ^  t f ^
. d e p a r t m e r S  ^  p ç ^ t a t  i e à à i ^  hOurs p r i o r  t o  '  -
c o l l e c t i n g  o f  t o e  t i m e  a n d  fH a ite  W b e r e s p e c k n e n s  w i l  b e  c o l l e c t a i .
(0)  M a r k e d g e a r . :  A ll  t r a f M i n e t o a n d > ^ y  o t o e r  g e a c u s e d  f o n » f f e t o n g  
v rild  a n t o i a l s  u n d e r  t e r r n s ,  o f  a  p e r m i t  s h a H  b e  r n a r k e d  v w to  t h e  p e m i i t  
, m r m b e r ,  n a m e  a n d  a d d r e s s  o f  t o e p w m & t e e .
( d )  T r a p  a r i d  n e t  t e n d i n g .  A ll b a p s ,  m e te  a n d  o t h e r  c a p t u r é  e m p t i e d  t y  
t h e  p e r r h t o W  # t o # t  p r i c e  e a c h  : 2 ^ o u r p e r i o d .
F i p h t o g ^ r  f W r i O ^ ^  %
: : 1 .  ‘Q il l  r i e l s . ' ;  6 l l i  rtoto m a y  rtot b e  u s e d  In  jn l a r i d  w a t e r s  u r d e s s  
; : ^ e c i f i c a l l y  a u t o e t o z e d . b y  a  p e r m i t
■ 2. 'B u o y s , '  A |  b t i ^  a r k l b u < v s t o f f s  s f to l i  b e ; n - ^ ^  r n a l n t a t o e d  
a s  required b y  toe d e p a r t o n e n t .  T h e  p e r m i t  n u m b e r ,  n a m e  amd address 
o f Ore pèrmtoée s h à l i  b e  m a t o t a l r t o d  in piain figutes o n  t h e  b o w l  o f t h e  
b u o y .
3 .  ‘S p o r t  f f e b to g  e q û f p m e n t *  H o ^  a r ^  ii f to  f i s h i n g  e q u i p r r i e n t a r t o  
spearing e q u l ^ é n t r n a y  n ip t b e  p o s s e s s e d  o n  a  b o a t  o p e r a t i n g  u n d e r  
a  p e r m i t  w ith o v A  p r i o r  e ^ r O v a l  o f  t o e  d e p a r t m e n t
(6 )  R E C O R D K E E P I N G  A N D  A N N U A L  R E P O R T S .  ;
: ( a )  R e b o r d s .  E a c h  ^ i r n i t t e e  s h a l l  k é ^  à i n e r i t  r r ç W d s ,  i n  t o e  B l u i s h  
l a n g u a g e ;  o f  a i l  c o l l e c t i o n s  u n d e r  t h e  p e n r i K  R e c o n t o  o f  c o l l e c t i w i s  
s h a l l  b e  m a d e  a v a i l a b l e  t o  t h e  d e p a r b n e n t  d u r i n g  n o r m a l  b u s i n e s s  
h o u r s ,  o r  u p o n  8  h o u r s  n o t i c e  a t  o t h e r  t i m e s .
( b )  R e q u i r e d  r e p o r t s .  R e n n i l t e e s  s h a i )  s u p p l y  in f o r m à f io r i  r e q u e s t e d  
b y  t h e  d e p a r t m e n t  a n d  a n n u W ly  f i le  a  c o m p l e t e  a n d  a c c u r a t e  r e p o r t  o n  
f o r m s  c d v r é r in g  e rS f iV it ie s c o r id v to te d  u n d e r  a u f i w i t y  o f  f iW  p fe rm iL  
U n l e s s  o t h e r w i s e  p r o v i d e d  to  t h e  p e r m i t ,  s u c h  r e j t o r t s  s h a l l  b e  f i le d  
u s i n g  a  r e p o r t  f o r i n  p r o v i d e  b y  t h e  d e p a r b n e h t  n o t  l a t e r  t h a n  J a n u a r y  
1 0  erf t h e  y e a r  fo l lo w in g  e x p i r a B p n  o f  t h e  p e r m i t .  yV"
(o )  C o n t e n t .  A n n u a l  r é f t o r t s  b y  p e i m i t t e e s  s h a l l  i n c l u d e :
1 .  T h e  c o m m o r i  n a m e ,  s c i e n t i f i c  n a m e  a n d  n u m b e r  o f  e a c h  s p e c i e s  
a n d  t y p é  o f  s p é c i m e n  m a t e r i a l  c o l l e c t e d ;
2 .  T h e  d a t e  a n d ;  g e o g r a p h i c  io c a t io r i  erf e a c h  c o i l e c t i o n ;
3 .  D i s p o s i t i o n  o f  c o l l e c t e d  s p e c i m e n s :  and : / •
4 .  A n y  O t o e r  t o f w m a t i o n  r e q u e s t e d  b y  t h e  d e F a r t m e n t  V
(7 )  D I S P O S I T I O N .  S p e c i m e n s  c o l l e c t e d  u n d e r  t o e  a u t h o r i t y  o f  t h e  
s d e n t i f i c  c c r f ie c to r  p e r t n S  m a y  b e  f r a n s f e m e d  l o  a n d  p œ s e s s e d  b y  a n  
e d u c a t k m ^  i n s t i t u t i o n  f o r  e x h tb i f io n  w  e d u c a t i o n  p u r p o s e s  u p o n  
c o m p l e t i o n  o f  t h e  p r o j e c t  o r  e ) p l r a t k ) n  o f  t o e  p e r m i t  E n v i r o n m e n t a l  
c o n s u l t i n g  o r g ^ v l z a t i o n s  m a y  r e t a t o é p e ç ^ ^  ( o l W t o p p e f r n I t  
e ;q :rf re tW h  p r o v k f W t o e  s p e c l m e n s  a f e  m a r k e d  I n  à  m a n n e r  i ^ e s c r i b e d  
b y  t o e  d e p a r W è f r i .  A n , W u c a f i o n a i  t o s f i t i r i k t o d r  e n v i r o i ^  
c o n s u l t i n g  d r g 6 i i : m t l ^ n  p o s s e s s i n g  s p e c I r r r ê n s s h a M  p o s s e s s  w r i l t o n  
p r o o f  o f  s o w c e ,  i n c l u d l h g  t h e  s c i e n t i f i c  c o l l e c t o r  j i to rrr ilt r i u r r i b e r  o f  t h e  
s o u r c e  a r i d  p r e s e n t  t h a t  p r o i ^  i ^ n  r e q u e s t  b y  t o e  d ^ r t o i w i t .  .
P l e a s e  N o t e :
S t a t e  N a t u r a l  A r e a s  a r i d  T h r e a t e n e d  o r  E n d a n g e r e d  S p e c i e s
A  s e p a r a t e  p e r m i t  i s  r e q u i r e d  f o r  r e s e a r c h  s m d  s c i e n t i f i c  c to f ie c f io n  
to v o M r i g  s t a t e  r i a t ^ a l  a r e a s  w  f w  t h e  c o l l e c t i o n  o r  p o ^ e s s t o n  o f  thWtéĥ érëidangered
: A n  a f ^ l i c a W )  C a n  b e  o b t a i n e d  b y  y w * n g  t o  o r  c a l l i n g :
D e p a r t m e n t  o f  N a t o r a l  R ^ o u r c e s  
B u r e a u  o f  E n d a n g e r e d  R e s o u r c e s  
B o x 7 9 2 i  :
: M a d i s o n ,  W l  5 3 7 0 7PhonebX8p8i26G-7012 \
F i e r a i  p e r t r i l to  f o r  r n l ^ t o r y  b i r d s  m a y  b e  o b t a i n e d  f j w n  t h e  S p e c i a l  
A g e r i t  to  C h a r g e ;  U . S .  F i # i  a n d  W 8 d l i f e  S w v i c e ,  F e d e r a l  B u l l d i r ^ ,  F o r t  
S n 6 H l n g , î v w r i Ç i ü e s ,  M N 5 5 Î 1 1 .
N o t i c e  o f  A p p e a l  R i g h t s
j ; If  y d u  b e l i e v e  t h a t  y o u  h a v e  a  t o  c h a l l e n g e  t h i s  d e c i s i o n ,  y o u
s h o i r f d  k n t o y t o ^ t W k c o r i s i n  s t o t o t e s  a n d  a d r n i n i s t r a t l v e  r u l e s  e s t a t r f i s h  
t i m e  p e r i o d s  v w to in  W i i c h  r e c p e s t e  t o  r e v i e w  D e p a d r n e h t  d e d s k M i s  
m o s t b e f 9 » j .
F o r  j ü d i c i a i r e v i ^ w o f À  d e c i s i o n  { t o r e w m t  t o  s e c & m  2 2 7 ; S 2  a n d  
2 2 7 . 5 3 ,  W fe .  S t e t s . ,  a s  r e h u m ^ r e d . b y  1 9 %  W i s c o n s i n  A c t  1 8 2 ,  y o u  
h a v e  3 0  d a y s  a f t e r  t o e d e p i s l o r i  I s  n ® B e d ,  o r  p t h e n v i s é  s e r v e d  b y  t o ^  
D e p a r t m ^ i  t o  f i l e  y b u r i ^ f i t k w i  w ito i to ®  ^ r o p r i a t e  c i r c u i t  c o u r t  a r i d  
s e r v e  t o d  p e t i b o h  d n  t o e  p e p à r t m e n t . :  S u c h  a  p e t f tk to .  t o r  J u d ic ia l  
r e v i e w  s h a l l  n a m e  t h e  D e p a i t n w i t  o f  N a t u r a l  R e s o u r c e s  a s  t h e  
r e s p o n d e n t
T o  r e q u e s t  a  c o i t ^ s t e d  c a s é  h e a r i n g  p u r s u a n t  t o  s e c t i o n  2 2 7 . 4 2 .
W i s ,  S t a t s . ,  a s  r e n u m b e r e d  b y  1 9 8 5  W i s c o n s i n  AcA 1 8 2 .  y o u  t i a v e  30  
d a ; ^  a f t e r  t o e  d e c i s i o n  I s  r n a i t e d .  o r  o t o e n v i s e  s e r v e d  b y  t h e  
D e p a r t m e n t ,  t o  s ^ e  a  p p t i t iw i  f o r  h e a r i n g  o n  t o e  S e w a t a r y o f  t t t o  
D ^ a r t r i i e n t  o f  N a t u r a l  R e s o u r c e s .  T h e  fllfrig  o f  a  r e q u e s t  f o r  a  
c o n t œ t e d  c a s é  h e a r i n g  Is  n o t  a  f Y é r e q u i s i t e  f o r  j u d i c i a l  r é W e w  a n d  
d o e s  n o t  e j r i e n d  t h e  3 0 - d a y  p e r i o d  f o r  f i l in g  a  p e t i t i o n  f c r j u d t o i a l  
■ rev iew . ■-
T h i s  n o t i c e  i s  p r o w d e d  p u r s u a n t  t o  s e c t i o n  2 2 7 . 4 8 ( 2 ) ,  W i s .  S t a t s . ,  a s  
r e n u m b e r e d  b y  t h e  1 9 8 5  W i s c o n s i n / t o t  1 8 2 .
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AddendviœioMC 9440.1
Scientific Collectors Permit Policy - Aquatic Related
î^ sÿ d h c ÿ ïs  mie^ëdiçiÿmvideconâstentgm dançépM W im ^ tq ieyiew  and issuance o f  ; 
aquatic relat^: sciéatifeiCqlléctôrs pertmts p n r^ itf to MR 19. Î Î  Wisccmsin Adjliinisto 
and s.29.614,Wfeconsin State Statutes. See back o f permit application for code/statute details. „
Applicatioii for a staentitic cdtiectots peilnit (SÇP) intist be m a ^  using Form #9400-379. ; 
Applications are available from and should be submitted to the DNR regional headquarters office, 
attn: Scientific Collectors Permits - Aquatic, in which the proposed work is to be conducted, (we 
back). For work involving several regions, only one application to the region where most o f  the 
woritis proposed is required. Regions will c ir c n l^  application information internally as needed. 
Most SCP’s issued wiU be region-specific. However, regions may elect, on a case-by-case basis, 
to issue one joint SCP for work covering waters in two or more regions.
Applications must be made by individual responsible for specific projects (project manager). 
Generic SCP’s to agencies, institutions, or other groups will not be issued. Permit applications 
covering multi-faceted projects from a single individual will be accepted. The following 
additional detail will be required o f all applicants (see form 9400-379 - Rev 10/01):
1) "Purpose for Collecting/Methods o f Collecting"-description o f project in sufficient, 
detail to discern project objectives and methodology, including gear to be used. Attach 
copy o f project proposal if  available.
2) "Location o f Collecting Sites" - All collection sites must be listed by waterbody name, 
county and specific location (Township/ Range/Section and/or Latitude/Longitude)
3) "Where Specimens will be Kept" -  If specimens are not returned immediately to the 
collection site, a specific location where specimens will be kept must be given.
Applications must be made in a timely manner to allow WDNR to review the application prior to 
issuance. No work proposed in an application may be conducted until tlie permit is issued.
An annual report o f  activities must be submitted by January 10 to the DNR regional headquarters 
that issued the SCP. An overview must be provided on Form #9400-381 or electronically in Word 
format following the outline o f Form#94(X)-381. In addition, copies o f  data or completed reports 
should be submitted. No further SCP will be issued to applicant until an aimual report is received.
Applications must be made annually. Renewal o f  the SGP, without any changes, may be 
requested on the anhtial report form by checking the appropriate bok. I f  there are any changes to 
the SCP, they must be requested in a letter and attached to the annual report form. Regions may 
elect to require a new application if changes are to be made.
Permit holders must contact the local warden at least 48 hours prior to the star, of any survey 
work (NR 1911 (5) (c)). Permit holders are also required to  contact the local fisheries biologist 
unless otherwise stated in the permit. The required contact information will be provided to the 
applicant with the SCP permit.
AH survey etpiiprnent/nets/ti^s set in waters covered in the permit must be properly marked 
following WDNR guideiines. All are to be marked with a black and white striped mast style bttoy 
with a  iO"xlO“ sqdare white flag on the top that lists the owner and their permit nurhber (ss. NR  
19.11 (5) (e),.and ISIR 20.12 (1) Wis. Adm. Code). Survey equipment/uets/traps may not be set in a 
manner which would constitute an obstruction to navigation.
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APPENDIX 2 
RAW DATA FOR WATER QUALITY MEASUREMENTS
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APPENDIX 3
RAW DATA FOR INVERTEBRATE SAMPLES
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Sample id Sampled Location Sp Code : : File Name Weight (mg) Resuit (ng) Conc (ppm) Total Hg (ng)
8 8/3/2004 : 813/ Amohlpoda : A2041217;455 : ; : 1 /  / ■ : 0.153 0.153 0.153 ,
9 : 8/3/2004 A3 Ephemeroptefa (Ephemeridae); ; : A2041217.448: 83.3 1.052 0.01263 1.052
16 8/3/2004 Al Eptiemerdptera (EotiemefidaèV: A2041217.452 38.6 0.382 0.00991 : 0.382
17 : 8/3/2004 Al Ephëmemptéfa (Eehôméridaé) ; ::"A2041217.4S7 : ://82 : . : 0.439 0.00535 0.439
18 8/3/2004 ■'. E4\ : Ephemèroptefa ŒpHeméfIdàe) : ; 42041217:464- 66.3 ■: 1.286 0.0197 1.286
19. 8/3/2004 E4 . : Ephemeroptéra:(Ephemëridae) : A2041217.469 28.2 .: 0.691 : 0.0245 0.691
20 8/3/2004; E4 Ephèméroptera (EpHemèridaéi. : Â2Ô4Î217.44Ô, 23.1 : ;/ 0.442 0.01912 0.442
21 8/3/2004 . .. . .C3 ’ ■ t Eptiemerpptera (Ephemetldae) :A2041217;461 35.7 : : 0.373 :: 0.01044 0.373
22 8/3/2004: 812 : "i Ephèmérbptéra (EphëmeMdàé) U": ::A2041217/468 6.9 0.176 0.02547 0.176
' .. '23.' 8/3/2004 812 EptiëmérOptèra (Ephemefidae) -A2Ô41217À71 3: ' ' 0.09 0.02989 0.09
.. 25 . 8/3/2004 AS r: Ephëmeroptèfa (Ephèrrieridae) ';M0412l7462. 21.2 : 0.314 0.01483 0.314
'."''27.':'.' 8/3/2004 AS Ephêmeroptèfa (Ephérheffdaei : A2041217.450 37.5 0.278 0.00742 0.278
28 ' 8/3/2004 D1 Eptiemèroptera (Epfiemeridaei :A2041217/467 14.2 0.19 0.01336 0.19
' ■' 31 -' 8/3/2004 82 Ephemeroptera (Ephemeridae) A2041217.466 67.1 / 0.961 0.01432 0.961
32 8/3/2004 85 Ephemefoptera (Ephemeridae) : A2041217,465 25.8 0.319 0.01236 0.319
33 8/3/2004 85 : Ephemeroptera (Ephemeridae) A2041217.470 39.2 0.429 0.01094 0 429
13 8/3/2004 : 05 t. Gastropoda ^2041217473 , : 86.5 0.813 0.0094 0.813
15 8/3/2004 Al Gastropoda : : A2041217.474 ; 21.2 0.078 0 00367 0.078
3 8/4/2004 Net 2 : odohata (Gomphiade) A2041217.446 : 99.8 :/ 1.793 0.01797 1.793
4 8/4/2004 Net 2 ::0dohata:(6omphiade). ; A2041210.436 115.9 1.407 . 0.01214 1.407
10 8/3/2004 A3 : Gdoriata (Gomphlade) : ' . A2041217.458 528.9 . , 5.008 : 0.00947 5.008
26:: 8/3/2004 AS : Odônata (Gomphiâdêj A2041217.451/ . 33 : : 0.557 0.01687 0.667
2 8/4/2004 : Nef 2 : Odonata (Libeiluiidae) A2041216.437 133.8 4.078 : 0.03048 4.078
5 8/4/2004: Net 2 Odonata (Libeilulidae) A2041217.444 ' 140.4 2.893 0.02061 : 2.893
6 8/3/2004 : F3 OdOhaia(Lipeiiuiidae); A2041210.434 . 54.4 0.761 ; 0.014 0.761
11 8/3/2004 A3 Odonata (Libeiluiidae) AR04121 7.472 /: 367 5.017 , 0.01367 : 6.017
12 8/3/2004 : : G1 Odonata (Libeiluiidae) : : A2041210.438 :. 52.2 0.816 0,01564 0.816
30 8/3/2004 : 08 Odonata (Libeiluiidae) : A2041217.447 148 1.668 0.01127 1.668
1 8/4/2004 Nets Trichoptera (Philopotamidae) : A2041217.443 184,4 : 16.919 0.09175 , 16.919
7 8/3/2004 F4 Trichoptera (Psychomÿiidae) . A2041217.456 24 0.264 0.01099 0,264
14 8/3/2004 05 Trichoptera (Psvchomviidàè) A2041217.454 119.6 3.845 : 0.03215 3.845
24 8/3/2004 812 Trichpptera.(Psychomyiidaè) A2041217.463 52 : : 1.683 0,03237 1.683
29 8/3/2004 D1 Trichoptera (PsyChomviidae) A2041217.445 86.6 1.799 0.02078 1.799
APPENDIX 4
RAW DATA FOR FISH SAMPLES
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APPENDIX 5
DATA COLLECTED BY 
STATE OF WISCONSIN DEPARTMENT OF NATURAL RESOURCES IWDNRI
AND
GREAT LAKES INDIAN FISH AND WILDLIFE COMMISSION IGLIFWCI
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Thè éncfosed fish Gontamifiant data are being provided in response to your 
request; P lease read the foltowing regarding use of this data. This information 
w as generated from the Wisconsin Department of Natural Resources Fish 
Contaminant Database. The database does not contain all fish contaminant data 
for the state of Wisconsin that may have been collected by other agencies, 
researchers, or programs within the Department. The data being provided Is that 
which meets the query criteria based on your request. The data being provided 
In response to your request are the data stored within the database at the time of 
fheqdery.
Disclaimer of Liability
Neither the State of Wisconsin, the Department of Natural Resources or any of 
its employees shall be held liable for any improper or Incorrect use of the data 
being provided In response to your request, This disclaimer applies to any 
dam ages or injury including but not limited to those caused by any failure of 
pertorrnance, error; omission, interruptiohi deletioh, defect, delay in operation or 
transmission; cdrnputer virus, comrnunication line failure, theft or destruction of: 
unauthorized access to, alteration of, or use of record, whether for breach of 
contract, tortious behavior, negligence or under any other cause of action.
Disclaimer of warranties and accuracy of data
Although the data contained In the fish contaminant database have been 
produced and processed from sources believed to be reliable, no warranty, 
express or Implied Is made regarding accuracy, adequacy, completeness, 
legality, reliability or usefulness of the data. The Department provides this raw 
data on an "as Is” basis. Additions and changes may be periodically made to the 
fish contaminant database to add data or correct newly found errors. These 
updates and changes will not be reflected In queries made prior to  these actions. 
Also, be aware that electronic data can be altered, intentionally or unintentionally, 
subsequent to original status. All warranties of any kind, express or Implied, 
ihclucjing but not lirriltèb to thé implied warranties of merchantability, fitness for a 
particular use, freedom from errors or contamination and non-infringem ent of 
proprietary rights are disclaimed.
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